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VEGETABLE JUICES AS FIXATIVES 
OF ANIMAL TISSUES. 


By a. Narayana Bao, B.So. & L. S. Bamaswamt, B.8o. 
{Department of Zoology^ Central College, Bangalore,) 


Tn a preliminary note to Nature (Vol. 121, May 23, 1931) 
we noted the possibility of employing? juices of some of the 
common vegetables, such as onion, tamarind, gooseberry and 
mango as fixatives for the animal tissues. Since then, we 
have extended these methods to a wide range of histological 
material and have found that these juices can, with great 
safety, be employed for the demon8tratioik^.of the detail^ 
structure of a variety of animal tissues. 

Gairns (Quarterly Jonrn. Micro, Sci,, Vol. 74, Part I, 
September 1930) described a modification of the gold chloride 
method for the demonstration of nerve endings by using fresh 
lemon juice followed by gold chloride and formic acid. The 
possibility of using other vegetable juices was suggested to 
us by Professor C. B. Narayan Bao as also their application 
as tissue fixatives, both of which have yielded very gratifying 
results. We wish to acknowledge our indebtedness to him 
for his very valuable suggestions and guidance. We would 
also wish to express our thanks to Dr. A. Subba Bao who drew 
our attention to Muller’s technique for the demonstration of 
nerve endings whose method, however, we had independently 
tried in our laboratory. 




A. Narayana Eao and L. S. Eamaswamt 

Tlio following methods lire emidoyed ;— 

1. For the Demonstration of Nerve Endings. 

Onion and gooseberry juiees with and without formic 
‘id (L-22 sp. gr.). 

(A) With formic acid: 

Tliree ])art.s of the jiii(*e and one of formic acid 
(1-22 sp. gr.). Suflleient. quantities of the mix¬ 
ture to eomf>let(‘ly immerse the tissue are taken. 
Tissues are left in the mixture for 10 to 20 
minutes and after draining oiT the excess of the 
mixture by placing the tissue between the folds 
of clean muslin, they are transferred to 2 ])er 
cent gold chloride and k(q)t. in darkness for half 
an hour, and waslied in distilled water; drain olT 
tlu^ water as above. Tissue transferred to 25 per 
cent formic acid and kept in darkness for 24-30 
hours. Transfer the tissue to glye(‘rine after 
draining the excess fluid as bid'ore and the same 
will b(^ ready for (‘xamination after three days. 

(B) Without jormic acid: 

(1) Pure juice sufficient t o immerse the tissue is taken. 
Subsequent treatment as in (A). 

(2) Garlic Juice. With and without formic acid. 
Proeeduii* as above. Satisfactory results are 
obtairuMl if 25 per cent formic acid is used in 
equal quantities with the juic(‘. Garlic juice 
alone will give iiidiibu-ent results. 

(3) Tamarind, mango and pomegranate juiees with 
and without formic acid. Treatment as above. 
Yields satisfactory results. 

(1) Presh cow’s and human urine as a special 
fixative for the demonstration of nerve endings. 
Pacinian bodies, Meisner’s and Aurl»ach’s 
plexuses. 

Three parts of urine and one part of formic acid 
(1*22 sp. gr.). 

Voluntary and involuntary muscles of 10-15 mm. 
an^ selected. Immerse in the mixture for 30 
minutes and wipe the tissues between folds of 
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clean muslin. Transferred to 2 per cent gold 
(jldoride and kept in darkness for 30 niinnt(ss 
Wipe and transfer IJie tissue to freshly prepared 
25 per cent formic acid and kee]) the material 
in darkness for 24-30 liours. The tissue is later 
transf('rred to glye.erine and is ready for exami¬ 
nation after thret^ days. 

(5) (htric acid (.5—7i—10 per cent) and formic 
acid. 

Three parts of (dtrie and one of formic (1*22 sp. 
gr.). Tr(‘atment as above. 

2. For Histological Htudies of Animal Tissues. 

(1) Fresh cow’s or human urine, onion, garlic, and 
any of the juic.(\s employed abovt‘ for the de¬ 
monstration of nerve endings may be employed 
for the histological studies of animal tissues. 
Fix tissues in urirn^ (4 to 1 hour, for th(» study 
of chromosomes 2—3 hours, onion or any other 
vegetable juice 1—2 hours). Wash iu tap water, 
grade up the material from 30 per cent alcohol. 
Two (changes of absolute, clear in cedarwood 
oil or xylol. Two chang(ss of paraflln before 
made into block. Sections stained in luemalum 
or any of the standard stains. 

(2) Onion juice alon(‘ may b(‘ used for the demon¬ 
stration of glycogen areas of lu'patic cells. 

Fix small xiieces of liver of a small mammal (fed 
on starchy food) for 1 to 2 hours in fresh onion 
juice. Take the material to absolute alcohol 
straight. Give three changes in cedarwood oil. 
Sections staine<l in Best’s Carmine. 

3. Treatment of glandular and ovarian tissues with onion 
juice and subsequent osmication with osmic acid for the de¬ 
monstration of golgi and mitochondria i)roved futile. 

It was suggested to us by Dr. A. Hubba Fao that an attempt 
should be made to det(»rmine the active principle in the 
composition of the cow’s urine which was responsible for the 
fixation of the tissue. 

Acid hippuric which was suggested by Dr. A. Siibba Kao 
is insoluble in cold water, soluble iu warm w^ater but 
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readily goes into solution in the presence of a base like AmOH 
or NaOH, forming a hippurate. Experiments witli these salt- 
solutions proved useless. 

Ammonium bicarbonate. Neither a 5 per cent solution 
in water nor hippuric dissolved in a medium of ammonium 
bicarbonate solution yielded any satisfactory result. 

At the suggestion of Professor C. K. Narayan Kao that 
urea might be the active princix^le in iixation, we tried aqueous 
solutions of urea in various concentrations (2—8 & 4 per cent) 
and the results are very satisfactory. 

We reproduce several photomicrographs of preparations 
according to the methods described above. 
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PHOTOMICROGRAPHS 



No. I. 

Skin of Nana hr.vadactyla. Tissue fixed in Onion juice for 3 hours and 
stained with haemalum and Eosin. 



No. 11. 


Nerve ending in the intercostal muscle of Calotes. Fresh tissue treated with 
Formic acid and Onion juice (1:3) Sp.gr. of Formic 1*22. Kept in 
darkness for 10 minutes. Impregnation with 2% Gold chloride for 30 
minutes in darkness. Reduced by 25^,‘o Formic acid (24-36 hours). 
Transferred to glycerine for examination. 
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No. iir. 


Pacinian body from th^ palmar surface of Lori'', Technique as in No. II. 



No. IV. 


Nerve plexus from the intestine of Rat. Technique as in No. If. 



















No. V. 

New type of sensory organ from the mesenteiy of Loris. 
Technique as in No. II. 



No. VI. 

Ovary of Rat. 

(showing a single ovum) 

Fixation : Onion Juice, 3 hours. Stain : Iron haemaioxylin. 
















No- VII. 

Reptilian Ovum 

Fixed in Onion Juice Stained with Mayer's hsemalum. 



No. VIII. 

Uterus oi Lons. 

Fixed in Onion Juice. Stained with haemalum. 






















VegetaHt.e J(ti(!ek 



No. IX. 

Kidney of Eoris. 

Fixed in Onion Juice, stained in hacmatoxylin. 



No. X. 

Spleen of Loris. 

Fixation : Onion Juice. Stain ; Iron haematoxylin. 
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No. XI. 

Placenta and a portion of the yoiinR of Bat. 
Fixation: Onion Juice, 3 hours. Stain : Iron haemaioxylin. 



No. XII. 

Liver of Loris. 

Fixation : Onion Juice. Stain : Haematoxylin. 





































No. XV. 

Testis of Frog. 

Fixed in fresh cow’s urine, and stained in haematoxylin. 



No. XVI. 

, Pacinian Body. 
Palmar surface of Loris. 
Onion-formic Gold-chloride. 














ON SOME MOLECULAR COMPOUNDS. 

By TI. S. Jois AND B. L. Manjunatii. 

(Department of Chemistry^ Central College, Bangalore.) 

Tlie moleoular compounds of 4:d dichloro-1 diiiitro- 
boiizone (A) with naplithalom^, a and /? naplithols, a and j3 
naphthylamincs (Siidboroii^>li and TMcton, J. Cliem. 1900, 
89, 5S9-590), bcnzidene and pyridcno, ]iav(‘ been prepared. 
There was no evidence of any sort of reaction bedween A and 
anthracene, diinethylaniline, diphenylamine and ortlio, mela 
and para nitranilines, even when a solution of a mixture of 
the components in absolute alcohol was retluxed on a water- 
bath. 

Tt is interestinj? to note that in tlie case of th * first five 
compounds, the components are present in equimolecular ratios. 
Unsuccessful experiments were tried to obtain compounds of A 
with these substances in the molecular ratio 1: 'J. With bcnzidene, 
however, the molecular compound fornn^d always contained 
two molecular proportions of A. It was also attempted to 
prepare th(‘ moh'cular compound of 2:1 dinitro(»hlorobenzene 
witli bcnzidene (Buehler, Jlisey and Wood, J. jUner. Chem. 
aS'oc., 1930, 52,1939) but all the usual methods were of no avail 
and when the caibon tetrachloride solutions of the compo¬ 
nents wTre mixed, a small quantity of dadt crystals separated 
consisting of a mixture whicli could not be purified. With 
pyridene the reaction was very vigorous and it was possible 
to isolate from the products formed th(‘ dipyridonium salt of 
the following structure: 

(1 (1 

C 


At present there is no single theory to account for the 
structure of the molecular compounds owing to their widely 
varying properti('S. Accepting the views of Werner (Ber., 

*Cf. Jois and Manjiuiath, J. Indian Chem, Soc., 1931, 8, G33. 

3 . 



r 



14 


ir. S. JoiS AND B. L. Manjunath 


1909, 42, VMi) and Pfeiffer (Z, anorg. Chem,, 1920, 112, 90) 
on secondary valency linkages, llertel and Homer (Ber,, 1930, 
63, 2140) have expressed certain general conceptions which 
will be of considerable help in classifying the organic molecular 
compounds into certain distinct typtvs. The two components 
in a moh'cular compound are to be regarded as having the 
structures —H^ and A.,——Ti., wherein and A, 

aro the addition centres,” H^ and \i., the reactive elements 
or radicals, of tlie molecules and M respectively. 

The molecular compounds of di and poly nitro compounds 
and of tlndr halogen derivatives, with hydrocarbons and phe¬ 
nolic compounds may be regarded as having the gmieral for¬ 
mula : 


H^-M,-A, : : : A,-M,-H,, 

(Equation T of llertel and Homer, loe. clt.) 
This formula would account for the ease with which these mole¬ 
cules can be si)lit up into their components. 

The feeble colour of the molecular compounds of th(‘ 
simi)l(‘r hydrocarbons belonging to th(‘ abov(‘ type becomes 
enliamaMl (pah‘ y(‘llow to orange) in the cas(‘ of tin' comj)onnds 
of the mor(‘ condensed nuclei (Pfeiffer, “ Organische, Mole- 
kiilvcu'bindungen,” 1922, pag(' 222). It may be sugg(*ste(1 
that the sc'condary valency linkage Inu’c is not. chrornogcmic, 
but when the residual ailinity is muitraliscHi, colour becomes 
manifest as a ri'sult of the intensification of the conjugated 
linkages of th(‘ condensed ring-systems. In the case of the 
molecular compounds of phenolic bodies colour may be re¬ 
garded as due to chelation similar to what is obtained in the 
case of the nitrophenols (8idgwick and ('allow, J. Cfum. Boc., 
1924, 125, 533). 

The mole(*ular compounds of nitro com])ounds and halo- 
genated nitro compounds with amines might, be said to con¬ 
stitute another structurally different type. Jt might be noted 
that th(‘ components can be easily recovered from the mole¬ 
cular compounds of nitro compounds and amines, and of ter¬ 
tiary amines with even halogenated nit.ro comi)ounds (Hepp, 
Amialcn, 1882, 215, 357-358 ; Sudborough and Hibbert, J, Chem. 
Soc., 1903, 83, 1331). But the additive compounds of haloge¬ 
nated nitro comj)ounds and ])rimary and secondary amines 
are unstable and n^adily give rise to condensation products 
(Siidborough and Pieton, loc. oil, ; Buehler, llisey and Wood, 
loc. cit., 1911). These are really intermediate products in the 
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course of the reaction between the two molecules and corres¬ 
pond to the S(‘Cond formula of TTertel and Eonier : 

-M,- R ,--M..-A.. 

Owing to the absence of a reactive group in former class of com¬ 
pounds, the general formula for them may be written thus : 
- A, : : : E. -- A^. 

Tliis would account for the case with which they can be readily 
split up into their components. 

The characteristic dt^ep colour of the above-mentioned 
two classes of compounds (Pfeiffer, Organische Molekiilver- 
bindiingen,” pages 228-229) indicates their structural identity, 
wliich is best explained by means of the quinonoid formula 
of Sudborough and Heard (J. Ghem, Soe., 1910, 97, 780). 



ON THE FACTORS GOVERNING THE 
FORMATION AND THE STABILITY OF 
COLLOIDAL SOLUTIONS OF SPARINGLY 
SOLUBLE ORGANIC ACIDS. 


By M. P. Vknkatauama Tyeb. & H. Eamaswamy Iyengar. 
[Beimrhnvnt of Chemislry, Cciilml College, Bangalore.) 


The formation and stability of colloidal solntions of sub¬ 
stances of a d(*Hnitcly polar character can be explained on the 
basis of either (a) the surface dissociation theory or (b) the 
theory of “ adsorption ” of ions or other neutral molecules. 
Achar and Usher in a paper (J. C. S. 129, 187.5, 1927) on the 
production of acidity by neutral salt solutions with stearic acid 
sols have assumed that tlic stability of the colloidal solution 
of stearic acid is due to th(‘, adsorption of a non-diffnsiblc ion 
formed by electrolytic dissociation of the surface of the acid. 
The part played by methyl alcohol which was employed in 
the preparation of the sol has been ijjnored. An attempt has 
been made in this paper to elucidate the factors which deter¬ 
mine the stability of colloidal solutions of sparingly soluble 
organic acids like st»*aric, palmitic and oleic acids. 

Experiments with stearic acid. —Kahlbaum’s stearic acid 
was recrystallised and used in the following experiments. In 
order to find out if the presence of a polar group in the solvent 
employed for the preparation of sol has any effect on the for¬ 
mation and stability of the sol, the following solvents were 
employed, and the formation or otherwise of the sol was noted. 
The method of preparation consisted in mixing a solution of 
stearic acid in the non-aqueous solvent with boiling water, 
and finally boiling off the non-aqueous solvent with continuous 
replacement of the water lost by evaporation. 
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Tablk I. 


(Solvent Effect. 


Solvent employed. 

1 

1 

1 

Remarks reji:p.,rdin<j; the ! 

formation and .stability 1 
of:-(d. j 

Optimum concen¬ 
tration of sol ob¬ 
tained (gm/litie 
f)f stearic acid). 

1. Methyl alcohol 

Very stable and eoncen | 
trate<l sol. i 

2.78 gm./litie. 

2. Klhyl alcohol 

Stable but not so eoncen 
trated as 1. 

0.84 gm./iitie. 

3. Propyl alcohol (n) 

A thin sol. 

Very low. 

4. Putyl alcohol (n) 

No sol. 

1 


5. Formic acid 

A thick sol but coagulates 
on standing for 24 
hours. 

1 

0.2(5 gm./litic. 

6. Acetone 

A thin stable .sol. 

Very low. 

7. Carbfin tetrachloride . . 

No sol. 


8. Ether 

No sol. 



Experiments with palmitic acid .—Experiments were also 
repeated with palmitic acid and it was observed that the 
general behaviour of this substance was the same as that of 
stearic acid. 

Experiments with oleic acid .—In this ease a stable emul¬ 
sion could be obtained by mixing up a methyl or ethyl alcohol 
solution with water at ordinary temperature, while in the 
previous cases (of stearic and palmitic acids), no sol was 
produced when the mixing took place at room temperature. 

Temperature and concentration effect on the formation 
and stability of stearic acid sols. —The exp<'rimeuts consisted 
in mixing up drop by drop, stearic acid solutions in methyl 
alcohol with boiling distilled water of known volume. The 
resulting sol was boiled to drive off alcohol, care being taken 
to keep the total volume constant by a slow and continuous 
stream of distilled water. The sol, when cooled, was filtered 
through an asbestos filter, and analysed for its stearic acid, 
content. The results are recorded in table II. 
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Table II. 

Concentration Effect, 


Concentration of alcohol 
aohitiori. 

Vol. of boil¬ 
ing water. 

Total final 
volume. 

C\)nccntration 
of sol in 
grams per 
litre. 

1. 2/) c.c. of fiatiiratcd solution 

20<) o.f. 

200 c.c. 

1.09 gm./litre. 

2. ,, -f25 c.c. McOH 

175 c.c. 

200 c.c. 

' 2.78 ■ „ 

:L ,, -f'Wc.c. 

150 c.c. 

200 c.c. 

1.1^) „ 

4. ,, 1-75 c.c. ,, 

125 c.c. 

200 c.c. 

1.10 „ 

5. ,,+100 c.c. ,, 

100 c.c. 

200 c.c. 

1.01 „ 


There is an optimum concentration of alcohol when the 
sol of the highest concentration is produced. This behaviour 
will be considered in the discussion. 

Temperature Effect ,—Keeping distilled water at different 
temperatures ranging from the room temperature to 97°C and 
using methyl alcohol solution of stearic acid of optimum con¬ 
centration determined from previous experiments, sols were 
obtained keeping the methyl alcohol-water ratio the same 
during the process of mixing. The sols were analysed after 
boiling off alcohol as usual. The results are tabulated below : 

Table III. 

Temperature Effect, 


Alcohol-water ratio. 

Temixjiatuie of mixing. 

Concentration of sol. 

2:7 

B. pt. of water (97®C). 

2.78 gram.s per litre. 

2:7 


2.24 

2:7 

arc 

2.04 

2:7 

ao°c 

0.07 

2:7 

50*^0 

0.05 


From the above it will be seen that stable sols are only 
formed when the temperature of water during the process of 
mixing exceeds the melting point of stearic acid, viz,, 69®C. 
The higher the temperature the more concentrated and 
stabler the sol obtained. 
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Discussion. —From the above experiments there is evi¬ 
dence to show that the presence of a polar group in the sol¬ 
vent employed plays a definite pari, in determining the stabi¬ 
lity of the colloidal acid. This is not. difiicult to understand 
from the standpoint of the surface orientation theory of Lang¬ 
muir and TTarkins. Th(u*e cannot ])(‘- an abru])t transition 
from the solid phase to the* dispersion medium in a stable sol. 
The only possibility is tliat the nudliyl alcohol or any other 
polar organic solvent employed orients itself bdweem the aque¬ 
ous and the non-aqueous phases, the hydrocarbon i«*sidue 
pointing towards the solid acid, while the (OTT) or other polar 
group forms a link with w^ater. The formation of an emul¬ 
sion ” leads to a stable sol, sin(*(‘ the transition frr)m one ])hase 
to another is more gradual when both the ])hases are liquids. 
The forces acting between the molecul(\s of a crystal are well 
known to be of a much higher magnitude than those in a liquid. 
This explains th(‘- comparative (‘ase with which an emulsion 
can be formed. The viewpoint advocated herc^ can explain 
the absence of sol formation when tlu^ t(Mnp(‘rature of mixing 
is below' the melting point of tlu^ acid. If formic acid is used 
as the stabilising agent, though a thick sol is formed due to 
the orientation (dTect, coagulation takes place v(Ty soon because 
of the high concentration of 11 ions dcTivi^d from the acid. 
This indicates that though hydrogen ion is a constitmuit. ion 
of the solid phase, it is not able to stabilise it. 1diis is also 
shown by cataphoretic measurements with stearic acid sols. 
The negative charge on the solid phase is diminished to zero 
value at concentrations of hydrogen ion of the order of pll3, 
but a higher concentration of the hydrogen ions is not able to 
bring about a reversal in the charge. 

The water-methyl alcohol ratio as a factor determining the 
optimum concentration of the soL —It is noticed from table IT 
that neither a too high nor a too low ratio of aleohol-w ater pro¬ 
duces the most concentrated sol. There is an optimum ratio 
when a sol of the best quality is produced. There are tAvo 
factors w^hich work in opposite din^ctions in the production 
of a stable sol. J^'irst, a high ratio of methyl alcohol to w ater 
brings about a better linking up between the two phases result¬ 
ing in a stabler sol. Secondly, too high a ratio means a lower¬ 
ing of the dielectric constant and a consequent decrease in 
stability. This has been verified by the following expcTiinent. 
If the colloidal solution of stearic acid is mixed with an equal, 
volume of methyl alcohol, partial coagulation takes place. 
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This shows that methyl alcohol has considerably diminished 
the stability of the sol by lowering the dielectric constant. 
Since the two factors indicated above work in opposite direc¬ 
tions, there is an optimum methyl alcohol water ratio for the 
formation of the stablest and most concentrated sol. 

From the foregoing we suggest that the non-aqueous sol¬ 
vent employed forms a transition layer between the two 
phases ; the adsorbed water molecules also being responsible 
for the stability of the colloidal particles. That water mole¬ 
cules play an important part in the stability of the sol is also 
shown by the following. If aluminium chloride solution is 
added to the sol in slight excess over what is necessary for 
coagulation, a stable sol with the electrical charge reversed 
is obtained. If the same quantity of aluminium chloride is 
added in instalments so that the sol is first made to coagu¬ 
late, thus losing its hydration layer, peptisation is not brought 
about by the excess of the salt added. Since the adsorption 
of the constituent ion is shown to be rather weak it is necessary 
to assume that the stability of the colloidal acid is not due 
to the partial ionisation of the acid so much as to the 
orientation of the non-aqueous phase at the interface. The 
charge on the surface of the particles is due to the preferential 
adsorption of the hydroxyl ions or the anions of the acid. 
Further evidence regarding the ‘ adsorption ’ theory of the 
stability of these colloidal acids is obtained from potentio- 
metric titrations. This will be dealt with in another paper. 

Our best thanks are due to Dr. B. Sanjiva Rao for his 
kind suggestions. 



THE POSTERIOR LYMPH HEARTS OF THE 
SOUTH INDIAN BATRACHIANS. 

PART I. 

By a. Nauayana Rao, B.Sc. 

{Department of Zoologi/, Central College, Bangalore.) 


SoiiKi of the earli(‘.st i)ap<'rs r(‘lating lo the anatomy of th(‘ 
Ampliihia deal with IJie stnietiire and physiolofjy of tlie lymph 
hearts also. Tlni hulk of tin's literature reh'rs to IJrodeles and 
European species of Rana, and B<“ddard (1) has given in his 
recent contributions a full account of the topographical rela¬ 
tionship of th(‘ lym])li hearts wilh the surrounding lymph spaces 
and muscles in four genera of anurous amphibians. The pre¬ 
sent paper which is based on the results of the investigations 
of the same subject in some of the South Indian examples sets 
forth certain facts which have not b('en, so far as is known to 
me, hitherto n'conh'd. Eck«‘r (2) (h'se-ribes t he posterior lymph 
hearts of R. temporaria " as two lines long and one broad”, 
“ the outt'r surface uneven and appears to be unequally dilated”. 
The two figures given on page 2(>1 in his book (2) and intended 
to illustrate the relative positions of the anterior and posterior 
hearts show' that they are rounded sacs and the account of these 
structures by Wiedersheim in his Comparative Anatomy of VeHe- 
brates (3) is all too meagre. The lymph hearts of Brevi- 
ceps verrucosus described by Beddard (1) are certainly remark¬ 
able structures both for their relative size and open basket-work¬ 
like arrangement of the muscles of the organ on the posterior 
border and the interspaces between the crossing muscle bands 
open freely into the lymph sac which in the case of this animal 
is femoral. As the description is based on the naked eye view 
or the view obtained through a lens, there is no reference to the 
mechanical contrivance in the lymph hearts of Breviceps by 
which the regurgitation of the lymph into lymph sacs is 
prevented, which without any valvular arrangement must 
inevitably occur in view of the extremely large spaces between 
the muscular intermeshes, which perhaps are in the nature of 
ostia. As Beddard says, this is really a unique fact in the 
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anatomy of the Batracliians. The point of interest about 
th(>! lymph heart of Hctnisvs is that it is involved in a mass of 
fat which occupies the iliac space and the extrinsic muscles of 
the heart of Breincrps are in the case of the former K^miis re¬ 
presented by connective tissue strands iinitino* th(‘ fat body 
witli the wall of the sac. But in Xenopun which has also been 
inv(\sti^ated by Beddard, there is a variable^ nurnb(T of hearts 
on each side of the urostyh^ and the laro(‘st number is three 
pairs which are detached and sc^parate. B(»ddard concludes 
that this multiplicity must be related to tlu* disprojx)!*! ionately 

lar^(». pair of hind limbs 
and the relatively f(‘eble 
for('-limbs (t-he anterior 
lym])h hearts bein^ al¬ 
ways a single pair), 
since the lymph hearts 
ar(* connected wit h vidns 
supplyin^>’ the fore and 
hind limbs. This su^r- 
^^estion of the retention 
of plurality of lymph 
hearts would be C(‘rtain- 
ly * signilicant. if tbeir 
number were not vari¬ 
able on each side in the 
same individual and from 
individual to individual, 
sometimes the number 
on any one side is reduced 
to one. He next proceeds to account for this large number 
in castes where they are found, by suggesting that they are 
‘‘derivatives of the chain of lymph hearts in certain Urodeles”. 
Further the lymph hearts of Xe/nop us are not all of a uni¬ 
form size. I shall soon revert to this really interesting dis¬ 
covery of tln^ multiple lymph hearts in anurous forms whose 
habits are thoroughly aquatic. 



Fig. 1. 

Caco^us systom —Posterior lymph hearts 
placed on Vena femora renoportalis which 
arises from the femoral and opens into the 
renoportal vein. 


T am dealing in this paper which forms the first ])art of 
my studies, with certain frogs whose modes of life* are sharply 
demarcated, liana liexadaciyla and R, cyanophlyctis are totally 
aquatic ; Cacopus systoma and Bufo rndanostictus are purely 
terrestrial forms while Ra7ia tigrina is semi-aquatic. kSome of 
these attain great proportions and their hind limbs as in Rana 
hexadactyla and Rana tigrina attain quite an enormous dimension. 
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If the mirnber of posterior lyrnpli hearts is to some extent de¬ 
termined, as has been su^^gested by Beddard, by the size of the 
hind limbs, tlieri the suggestion may be found (^x(unplified in 
thes(‘. two frogs. Or if the size, number and topographieal 
relationships of the lymph hearts have anything l,o do with the 
diversity of life habits assumed by the*, members of Batrachia 
salicittiaj then tlie frogs I have sele(*t(‘d for study may be deem¬ 
ed fairly typical for purposes of arriving at some tentative 
conclusions. 

Tn the forms I have investigated, the posterior lymph 
hearts are placed on either side of the urostyle near its (Uid 

and covered only by 
a])oneurosis and the skin. 
Each sac. li(‘S in and is 
surrounded by lymph 
spaces. The walls consist 
of muscle fibres arrjuiged 
in a plexiforrn manner 
and supported by a con¬ 
siderable amount of con- 
n(‘ctiv(‘ tissue. These 
fibrils are striated and 
branched and are inter¬ 
mediate between the 
cardiac and skeletal 
musch^ fibres. The mus¬ 
cular wall is supplied 
Fig. 2. with capillary blood ves- 

CacopHS syStoma.^PosierioT lymph hearts interior is 

placed on Vena femora rcnoportalis which lined by epithelioid plates 
opens directly into the kidney. cf sinuous outline. This 

lining is continued along 
a number of openings by which the cavity opens into the 
surrounding spaces. 

The peculiarly fat habit of Gaeopus systovia is due to the 
inclusion of the thighs within the contour of the body, which 
extends some distance behind the tip of the urostyle. The 
posterior lymph hearts lie in the spaces on either side of the 
urostyle and these spaces, possibly corresponding to the iliac 
sacs of Hanida^ are in free communication with the femoral 
lymph sac behind and anteriorly with the dorsal and lateral 
lymph sacs. The septal membranes between the larger lymph 
sacs in the trunk arc well developed except where free 
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communications with the iliac sac exist. These communications 
are the enlarged ostia which occur in larger numbers in the 
Eanid forms. Each heart (Platt^v I) is roughly conical with 
the apex directed posteriorly. It receives an arterial branch 
from the iliac. The internal cavity is irregular in outline and 
the heart opens into a vein springing from the femoral at a point 
well behind that from wliich it. divides into the pelvic and 
renoportal. This vessel is quite as stout as the sciatic or the 
femoral itself and anteriorly it joins the renoportal before it 
ent(^rs the kidneys or joins the kidneys directly. Manifestly 
this vessel corresponds to the vena iliaco communicans referred 

to by Holmes (4), but 
it has nothing to do 
with the sciatic. Exter¬ 
nally two slight grooves 
divide the heart into 
three parts, which do 
not, however, affect the 
cavity. There- are two 
ostia i)osteriorly and 
one in front which are 
provided with valves and 
tlie opening into the 
blood vessel is similarly 
guarded. The extra¬ 
ordinary thickness of the 
wall is a striking feature. 
The anterior heart, Avhich 
occupies the usual posi¬ 
tion described in the 
case of Eana, shows a 
canaliciilated wall, the canals opening into the central cham¬ 
ber at different levels. It opens into the subclavian vein. The 
anterior and the posterior lymph hearts are of the same size 
and in a specimen measuring about 59 mm. the lieart is 
3*5 mm. But this small size of the heart is more than com¬ 
pensated for by the development of secondary lymph sacs 
in the neighbourhood, apparently representing detached i)or- 
tions of the main lymph spaces. 



Fig. 3. 

Rana cymwphlyctis ,—Posterior lymph hearts 
are placed on a vessel which arises from 
the loose pigmented tissue near the iliac 
sac and opens into the femoral vein. 


In the cases of liana hexadaciyla and Rana cyanophlyctisj 
the posterior lymph hearts present a tendency towards multi¬ 
plicity. In the former species, they are bilobed (Plate 2) and 
in the latter case trilobed (Plate 3). The lobes are distinct 
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separated by deep constrictions. Here we have a parallel 
to the condition met with in Xenopns which is purely an aqua¬ 
tic form. The position of these multiple hearts which are 
uniform in their occurrence is the iliac lymph space and in 
Bana hcxadactyla the two lobes are placed side by side, one 
internal and the other external ; of these the outer lobe is 
larger. In Bana cyanophlyctis the lob(‘S are obliqu(*ly jdaced. 
They are not in both cases related to the vena iliaco communi- 
cans ; but are plaei^l on a vein arising from the loose pigmented 
tissue in the neighbourhood and opening into the femoral in 

the case of Bana cyano¬ 
phlyctis and into the 
sciatic in Bana hexa- 
dactyla. The trilobed 
heart of Bana cyano¬ 
phlyctis is wrapped up 
in an external coat of 
muscle probably corres¬ 
ponding to the adductors 
described by Beddard in 
Breviceps, All the lobes 
are separated from one 
another by thick mus¬ 
cular septum which 
might give rise to secon¬ 
dary spaces opening by 
a valvular aperture into 
the hindermost lobe. 
The iliac arterial branch 
eiitcTS between tlie ante¬ 
rior and the middle lobe 
in Bana cyanophlyctis 
and all the lobes have separate openings into the vein. Behind 
the last lobe then* is a small lymph space, the chamber of 
which is divided into a number of secondary spherical cavities, 
perhaps acting as an additional absorptive organ. In Bayia 
hexadactyla the two hearts are discrete and are not wrapped 
up in any muscular sheath. In both these examples the 
lymph spaces are comparatively smaller than in Cacopns 
systoma. 



Fig. 4. 

Kana hexadactyla .—The venous connection 
oi the lymph heart arises as in Rana cyano¬ 
phlyctis but opens into the sciatic vein. 
Connection with the femoral is lost. 


In Bnfo melanostictns the lymph heart (Plate 4) is an oval 
body, the posterior margin iHcsents the basket work noticed 
and described by Beddard in Breviceps, It is comparatively 
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smaller than in Brcvicrpfi and Cacopus, A portion of the 
wall of the lieart taken from the hinder end, stained in eosiii 
and mounted, presents a trc^llis work the interme8h(^s being 
irregular in outline. Another feature which T have not noticed 
in tile otlier frogs is the presenee of two lymphatics connected 
with the anterior and posterior ends of the heart. The anterior 
one comes from the dorsal lymph sac and th(^ posterior from 
the ventral lymph sac. These tuluss open by valvular aper¬ 
tures into the heart, bringing lymph from the two larg(‘ sacs. 
The iliac lymiih space is direcTly drained by the fenestrated 
margin of the lymph heart. 


There are two outstanding facts in the study of the ])os- 
terior lymj)h hearts of tlie four examples which T liave seh^e-ted 

for description in this 
communication. The 
relation of the heart to 
the veins presents, in 
the first place, certain 
variations which have 
not been noticed before. 
Jn th(' second plac(% the 
inultiplicity of the liearts 
in aquatic forms is more 
pronounced tlian those 
which have assumed a 
terrestrial niodci of life. 
Taking tlie formvr 
feature first, I notice 
that in Gacopus and 
Bnfo, the venous con¬ 
nection of the posterior 
lymph heart is witli a 
vessel which arising from 
the femoral joins either 
the rcnoportal (Text Fig. 1) or the kidney directly (Text Fig. 2). 
In Bana cyanophlyctis the veinlets arising from the loose jiig- 
mented tissue in the neighbourhood of the iliac sac form a 
thick vein which ultimately opens into the femoral vein (Text 
Fig. 3). Into this vein the heart opens. Hut in Rayia hexa- 
dactyla the same vein arising similarly and on which the posterior 
lymph hearts are situate, opens into the sciatic (Text Fig. 4). 
According to Holmes who has given a description of Bana 
pipiens in his Biology of the Frog, the posterior lymph heart 



Fig. 6. 

Ratta hcxadactyla ,—Posterior lymph hearts 
are placed on a vessel connecting the 
femoral and sciatic veins. The condition 
is described for Rana pipiens by Holmes. 
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opens into the transverse iliac vein (Text 5). This is in 
conformity with the description of Rana esculenta 0ven 
by Ecker. (“ The posterior lym[)li lu^aids r(‘C(‘ive lyinpli from 
the parts surrounding thcun and from the liinder extremities 
and forward it into tbe vein—vena iliaco comrnunicans "— 
the transverse iliac vein of Holmes.) F^ut according to Marshall (5) 
the hearts in Rana innporaria “ communicate by short vessels 
with the femoral veins (Marshall’s Frmj^ p. 37). Mani¬ 
festly Rana temporaria differs from Rana pipiens and Rana 
esculenta and in a UK^asure conforms to tlu^ South Indian harm. 
The ditfereiKie, however though a matter of d(dail, is that the 
vein on which the heart is situat(‘d in the South Tiidian 
examples opens into the femoral or sciatic directly without 
breaking into smaller veins as in the case of Rana temporaria. 
There can be very little doubt that this vein corresponds to the 
vena iliaco communicans of Ecker, with this difference that it 
has lost communication with the sciatic in Rana cyanopJilyctis 
and with tlu^ femoral in Rana hexadaetyla. In Caropus systoma 
and Rnfo melanostictns the vein into which the hear^ opens, 
arising from the femoral, opens into the renox)ortal or into the 
kidm^y and must be homologous with the vena iliaco eom- 
munieans, for the connection has in these two eases shifted for¬ 
ward to t.lu‘ ('xtent of coming into direct contact with the 
kidney or tlH‘ nuioportal befon^ it debouches into the kidney. 
If, JiowevcT, strict terminology of veins in this region requires 
that the vena iliaco communicans should be confined to t he 
transverse vessel connecting the sciatic and the femoral in the 
groin, th(ui the vessc^l into which the lymph heart of Gacopus 
and Bufo o})ensmust be named differently as its relation is not 
with the ftmioral and the sciatic, but with t-lu‘ femoral and the 
kidney or with the riuioportal. This is not a new vessel but 
only a moditied transverse iliac vein, and in that case the 
delinition of tln^ latter ought to embrace^ a reference^ to it s 
relation with the renoportal and where it joins the kidney 
sei)arately, it must be assumed that the (‘xtnuiie point to which 
modilieation can go, has been reached. For purpose of 
descriptive zoology this vessel may be named Vena Femora 
Renoportalis. 

The S('C()nd interesting feature in the organisation of the 
lymph hearts is their multiplicity in thoroughly aquatic forms ; 
this character shading off as we pass from the aquatic to 
thoroughly terrestrial forms. As Beddard points out their 
chief interest centres in the possibility of comparing them with 
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the multiple lymph hearts of certain TJrodeles. He quotes 
the following from Wiedersheim’s Vergleichende Anatomie der 
Werhelthiere : “ Beo Salamandra maculosa und Siredon pisci- 
formis sitzen zahlreiche Lympherzcn lungs des Sulcus lateralis 
unter der ITaut und zwar entfalien bei dem erstgenannten 
Their auf dem Schwariz (bcdde Seitcm zusammengerechnet) 
10-12, auf den Biimpf mindestens ebensoviel. Bei Siredon 
pisciformislinden sich jederseits 8 rhytlimisch pulsirende Bym- 
pherzen die wie beo Salamandra ma(*ulosa aus ovalen, von 
quergestreifter Muskulatur umwickelien Blaselien Ix^stehen/’ 
Wiedersheim is here dealing with spotted Salamander, wiiich, 
though a terrestrial form, is, according to Gadow, fond of 
moisture in the moss, springs and running water and with 
Axolotl larva which is purely aquatic, though the adult 
Ampblystoma is terrestrial. Generally speaking, in Urodeh\s 
(Wiedersheim and Parker) “ there are as many as 11-20 lymph 
hearts on either side of the trunk and tail under tht‘ skin at the 
junction of the dorsal and ventral trunk muscles,” and though 
some examples have left the water, still in eonse({uenee of their 
repeated visits to that ehunent, the reduction in tlu^ number 
of hearts has not taken ])lace to the extent that un(‘ might 
expect. In the group Bcaudata the suppression of tin* tail 
synchronises, as is evid(‘nc(‘d in ontogenetic d(^v(*lo])ment, with 
the assumption of terrestrial life and this profound eliange 
affects more than one syst<un of the soft anatomy. When the 
circulatory system und(‘rgoes a radical chang(‘ it- must involve 
the lymphatic system also. We can therefore easily account 
for the reduction in Anura of the lymph In^arts to an anterior 
and posterior pair which must have formed in their larva'- one 
continuous chain as in Urod('les. 


ABBREVIATIONS. 


A.AIkI. 

.. Anterior abdominal vein. 

F.V. 

., Femoral vein. 

Pel. 

.. Pelvic vein. 

PLir. 

. . Posterior lymph heart. 

RPV. 

.. Renoportal vein. 

Sc.V. 

.. Sciatic vein. 

VPll. 

.. Vena femora renoportalis. 

V. 11. Com. 

,. Vena iliaco communicans. 
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Plate 1. 


Photomicrograph of the longitudinal section of the posterior lymph heart of 

( (tcof^U'i sysItiiiiiL 



Plate 2. 

Photomicrograph of the longitudinal section of the posterior lymph heart of 
the toad Ihifo tnclannsl/clus. 
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Plate 3. 

Photomicrograph of the transverse section of the posterior lymph heart of 
Jxiuia Iitwadiiclyla. 



Plate 4. 

Photomicrograph of the longitudinal section of the posterior lymph hearts of . 
Rau (I ryaft ophlycl is. 









THE STRUCTURE OF THE HYOID 
APPARATUS AND LARYNX IN THE SOUTH 
INDIAN ENCySTO.}/AT/D.E (ANURA). 

Hv li. S. KA\rAS\vAMi, H.S(\ 

[Dvjmvimi'nt of Zoologjf, Crnirnl Collrf/r, Hon(j<tlovv.) 


(T(‘xt-ii»in*(‘s 17.) 


Tli(‘ study ot‘ 11 h‘ Aiiuran hyoid a])|)ariitus and larynx 
lias b(‘(‘n (‘n.i*’a,uin«' th(‘ att(‘ntion ot‘ sciiaitilic \v()rk(‘rs Ironi 
early tinu's (11, 15) and noin* of th(‘S(* authors has n'lVrnMl 
to th(‘ disposition and structur(‘ oT th(‘ lai‘yn\ in the ^roup 
bjU^yst oinatidas (‘xe(‘pt, hovv(‘V(*r, Miss Mary r'razi(*r who 
inak(‘s a l)ri(d‘ ndVnuKM* to a sin^ii(‘exainpl(‘ Minolnfla oklmtrvh- 
,s}s (1). It may at oikm * ])(‘ stated that th(‘ laryn<i(‘s of tin* South 
Indian Encystoniatid forms dilTiu* fundanumtally on th(‘ om* 
hand from th(‘common Ranid ty|M‘and on th(‘ othia* from that of 
the Encystomatid that has biMUi dcsseribed by Miss Erazi(‘r(l). 
Th(‘ lat(*st (Mintribution to our knowl(‘d<4‘(‘ of this subjcad 
is an (‘xhaiistiv(‘ account by \V. IMuim^ (‘J) and h(‘ doiss not 
nd'er to tin* (‘arli(‘r author. Miss Frazic^r. Tlu* object of this 
pa])(U' is to d<*scTib<‘ th(‘ hyoid ajiparatus and tin* laiynx of tin* 
three narrow-mout IkmI toads Caro/PHs, Kalonht and M irrohtfhf. 
(Uinpjpffs is ])racti(*ally conlimal to South India; Koloula and 
}firp'iphj/l(f are a little more cosmopolitan in distribution. I 
have* also mad(‘ a com|)arative study of t lu* laryn^ivs in both 
s(‘X(‘S of th(‘ other South Indian fro^s such as:— 


Hufo. 

Nan nobat radius. 

Xyct ibat radius. 

Ixalus. 

.Micrixalus. 

Khacojihorus maculatus. 
Ran a h(*xadactyla. 


R. curtipes. 

\\. crassa. 

R. t)r(^vi(*(^})s. 

R. ti^rina. 

R. eyanoi)hlyctis. 
R. malabarica. 

R. b(‘ddoniii. 


Fn this coniK'xion, I wish to express my sinc(‘r(‘ thanks to 
Professor V. R. Narayan Rao for having kindly dinnded nn* 
in this work. 
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The Tfjfoid A/ijxinttNs. 

Tlu* hyoid }i|)|)arjitus in (Ufrojpus has Ixmui (l(‘S(*iil)(*d l)y 
I)<‘Viin(‘saii (d). In tin* alli(‘(l Soiilli African Kn»\sloniatid 
iornis lh(‘ liyoid Inis Ixmui d(‘scribc<l by (1(‘ Villitu’s (I, 5) and in 
d(‘scribin^' tlu* craiiiaJ ()st(‘olo^‘y of (^(frostrtinnn (5), d(‘ Adllicus 

nunarks that th(‘ hyoid of 
tliis form is ty})ically Kanid. 
I*, hy lh'eri(‘(‘ps 

(T)) do(‘s not n‘S(‘nd)l(‘ tl‘a1 in 
Phrj/Honirrus (4). Thus, if 
^ /*hr}/)ioh}r)‘Hs b(‘ 1ak(‘n as a 

ty|)i<*al Si)utli African l>r(‘- 
vicipitid hiiiuystoinal id fro^', 
tluui a (‘los(‘ homology could 
b<‘ (\slablish(*d b(d\v(*(Mi 1h(‘ 
r.(\ South Indian and South 

Af‘ri(*an forms. 

Idioujih the hyoid of 
(\t<‘ 0 }His r(‘S(‘mbl(‘s the a])- 
paratus in Kahnihi and 
Mivrohiflu, tlu^n^ ar(‘ two im- 
The entire hyoid-apparatus of Kaloula. j)ortant J)oints of dilT(*r(‘nc(‘. 

Tlu‘ poss(‘ssion of tin* (‘xtra- 
hyal, ant(‘ri()r and post(Tior cartilaginous ])roc(‘ss(*s of tin* 4)asi- 
hyal and tin* ('artila^inous ant(‘rior and tin* bony ])ost(‘rior 



cornu an* common 
to all tli(* tlir(*<‘ forms. 


I n K a I o H J if and 
Mier(fhul(( a dc‘linit(‘ 
cartilaginous dia|)o- 
physis at tin* ends of 
tin* post(*ri()r (‘ornu 
is notic(*d : this is 
not li^ur(‘d by 
I)(*van(*san (d) for 
VaeopuH nor l)y dc 'l’- 
Villi(*rs (I) for Thrjf- 
nomenis. Kurtlu*r in 
K if I Off I if and Miero- 
kj/la tin* proximal 
(‘lids of tin* post(*rior 
cornu an* not s(*para.t - 
(*d by a (*artila^inous 



Fig. 2 

The entire larynx of Cacopus. 
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bridal* as S(Hai in Mivmhifla and (Utropiis ; iliiae is a beak-lik(' 
bony projiMd ion (so<‘ 1(*\t 1) wliitdi brid»(‘S t In* f^a]) between tin 

two thyroid pro(*(‘ss(‘S. 

Miss Frazit'r in deserit)- *>•<'• 


in»' tlie Fhinesi^ forin 
M irrohjfla <>A / n((rnhsis 
do(‘s not alliidi* to tin* 
pr(‘S(‘n('(‘ of a small 
(‘vtra-liyal attaeluMl to 
th(‘ ant(‘rior Ixmd of 
tlu‘ ant(*rior eornn, nor 
do(‘s s]h‘ relei* to tli(‘ 
m(*dian b(‘ak-lik(‘ ear- 
tila”‘(‘ or boiu‘ in eon- p 
nexion with t]i(‘ tliy- 
roid j)roe(‘ss(‘s. 



A. Ar 


r.i’i. 


Thv Larjphv. 

Th(‘ 1 a. r y n < 4 ’(‘a 1 
strnetur(‘s of th(‘st‘nar- 
row-moutluMl toads 
])resent e(n‘tain r(‘aitnr(‘S 
[)r(‘V'ious work(*rs in tin* 


T.P. 


Fig. 3. 


Photograph of the drawing of the entire cricoid 
annulus of Cacopus. 


T. 


v.r. 


V.(\ 


(\ 


A.e. 


the ante rior 
ehanib(*r in 
batraehians which 


whi(‘h hav(^ not IxMm noti(*(‘d ])y any 
exantfdes investi»at(*d l)y tlnan. 'Vho 
vocal or^an is situated 
b(‘tw(‘(‘n th(‘ thyro-hyals, 
in elos(‘ contact anttaiorly 
with th(‘ basi-hyai. Th(‘ 

cricoid forms a elos(‘ ventral 
rinf»- tor tin* two halv(‘s of 
th(‘ arytenoids (set^ t(‘xt 

li). Tin* arytcmoids are 
(‘omj>l(d(‘ly snrronnd(‘d by 
th(‘ rinj>-like cricoid ])i(*ce, 
nnlik(* tin* Itanids and tin* 
exam|)h‘s of Hnfo that I 
hav(^ (*xamin(*d. lh)th in 
front and Ixdiind th(‘ 

eri<M)id annnlns expands 
into fairly lar^<‘ (mi])s which 
ar<* lirndy attacluMl to the 
aryttmoids and (‘xt(‘nd ov(‘r 
and posterior divisions of tin* laryn^»’o-tTacheal 
a manner unusual in tin* otlnu* South Indian 
I hav(‘ investigated. VV. lUume (2) gives 



Fig. 4. 

Single arytenoid cartilage of Cacopus. 
(Internal aspect.) 
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a lignin* of llio larynjival apparatus of a IJaiiid (pa.< 4 V .STJ) whoiv 
ho iiiarks two (uip-liko promiii(*ii('(*s on tin* cricoid iiiiiiulus. 

11 (‘ has 1 a b 11 <* d 
tluMii followinji' (lau|)]) 
tin* ])roc(*ssus arlicular(‘S 
anl(‘ri()r(‘s and post(*- 
V.l'. ri()r(*s l)ut tlH*y ar(‘ 

sitnal(Ml not at tin* (unls 
A.N.i*. (,j* ||j(. annulus. 'l'Ji(‘S(‘ 

cups ar(‘ not so pi’oini- 
innit in Knlould and 
^ • ,1/ Irrohjfla as in ('(tenjins. 

Thcs(‘ (‘xpansions may, 
t h(‘n‘forc, b(* call(‘d ]•(*- 
IM*. sp(‘ctiv(*ly tlM‘ proc(‘ssus 

arl icular(‘s ant (‘riori's 
v.p. and post(‘i‘i()n‘s (^(‘c l(‘At 

Ki^i’. Allotlicr cha- 
ract(‘ristic r“aturc of 
tli(‘ cricoid is that in all 
th(‘ thr(‘c forms it do(‘S 
not b(‘a]* t h(‘ j)hai*yn.ii(‘al 
Fig. S. or o(‘SO])ha.u‘(‘al proc(‘ss 

Photograph of the drawing of the ventral view ^ ^ •''* P H 

of the arytenoid cartilage. (iaupp) SO (‘ommoil 

amon^- lh(‘ otlun* Aniira 
and it is ('ominon to both scx(‘s. Ilo\\(‘V(‘r, I must point 
out h(‘r(‘, t hat in th(‘cast* of male (‘xamph‘s of all t In* foi nis 1 have 
(‘xaniiiKMl oth(‘r 
than the Kn^y- 
stomatithc, this 
o (‘ s o p h a c a, 1 
pro(‘(*ss is want- 
iii”' whih‘ it t-'t- 
forms a. conspic¬ 
uous rod-likt* 
cartila|’’(‘ in tin* 
f(‘mah‘ spcci- 
mens of tin* 
same s|>(‘ci(*s. 

Thus, th(‘ st‘X 

of th(‘sc forms Fig. 6. 

(*Ould b(‘ (‘asily photomicrograph of the transverse section of the 
(*orrchlt(‘d with dorsal part of the larynx of Cacopus. 
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the |)n‘sen(M‘ or ahsonco of tlio oesopliafi:(‘al pron^ss. Extondiii^ 
postoronuMlially and usually bont inwards ar(‘ two bronolioal 
pro(*(*ssi*s (j) r o c v s s u s 
imvheah^i (laupp) whicdi 
S(‘rv(‘ 1o hold tlu^ roots 
of tlu‘ liinji’s to tho 
larynx. Th(‘ distal 
(‘xtr(‘initi(‘S of tlu'so pro- 
(*(*ss(*s an* usually (*x- 
pand(‘d into sciuarisli 
])(‘rforat(*d ar(‘as and 
wh(*n thoy nu*(*t ovor 
th(* roots of th(‘ lun.u’ 
vontrally, const it ut(‘ a 
trach(‘al rin.u’. The 
oth(‘r |)ro(*(‘ss t(‘rincd 
th(‘ ant(*rior pharyn^(*al 
])roc(*ssus (y> r o c v s s a s 
nn/scularis Gau])])) is 
al)S(‘nt from all the 
thr(‘(* toads. 

Th(* arytenoids which an* broadly trian^jular like* the sh(‘ll 
of the fresh water mussel an* paired and lit* })aralh*l to tin* lon^ 

axisoftlu* hyoid apparatus 
(st‘e t(‘xt Fi^s. 4 <S: 5). 
Fa(*h (*artila”‘e is thick and 
like the sh(*ll of ITiio, has 
tlu* concave surface* dir(‘(*t- 
(*d inwards (cardiac aspect). 
The ^lottis is a lon^‘ 
Tuedian slit (*\t(*ndin^- from 
om* (*nd of tlu* apparatus 
to tlu* oth(*r ovt*r tlu* a])(*x 
of tlu* arytenoids which is 
thus dorsal and pharynf 2 :(*al 
in position. Fxt(*ndin^’ 
from tlu* dorsal margin of 
tlu* arytt*noid (*artila^>’e in 
all tlu* thret* examples is 
seen for a short, distance 
a clut)-shaped cartila^»(* (see t(*xtFiKS. 13 v'v 15) and further the 
aryt(*noid cartila^^t* is covered ov(*r by a w(*ll-d(*velo[)(*d loose* 
t issue* (sec text Fig. 6) in Cacojms and Knlonla. This t issue while it 



s.c. 


Fig. 8. 

Photomicrograph of the transverse section 
of the larynx of Cacopus, posterior to 
Fig. 7. 





s.c. 

Fig. 7. 

Photomicrograph of the transverse section 
of the larynx of Cacopus. 
(Anterior end.) 
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forms a (*a[) for tlip dorsal (‘xt(‘nsion of tli(‘ aryt(*noi(l cartila^jc* in 
(Uicopus^ romains a discndc^ (‘hamait in KalouJa. What (‘xactly 
th(‘ function of this tissue^ is, it is didicult to say. ]\ror(M)vcr, 
tlKTc is a loni»itu(linal slit riinnin^^ alon»- th(‘ middle of the 
arytcuioid (‘a,rtila”‘(‘ in all th(‘ thr(‘(‘ (*xam])h‘S. lii tliis ])arti- 
(*ular eharaet(‘r th(‘ Soiitli Indian forms n‘S(‘mt)h‘ M. 

(see text Fi»-. 13). 


c. 



I may state* at once 
tliat the* cartilage* of San¬ 
torini ((‘fi riilfigo apical is 
(laiipj)) usually stat(‘d to 
oeeur in the* form of a 
mieroseopie eai*t ilaj’inous 
nodule* in the* mielelle* e)f 
the* aryte*ne)iel ape*x is 
abse‘nt fre)m all the* thre*e* 
fe)rms. In (^acapus e)n 
the* inne*r margin e)f e*ae*h 
arytene)id just abe)ve* the* 
\’e)e*al e*e)rels is a se*rie*s e)f 
tour fairly e*e)nsj)ieueuis 
e*e)nie*al pre)e*e*sse*s (st‘e*te*\t 
It)). This is a fea¬ 
ture* vvliie-h I liave* ne)t 
Kaloala or Microhjfla e)r any e)the*r 
Tlie* histejle)*^^' e)f t]H*se* toe)th-like* 


\r. 

I..S. 

(\A. 


S.c. 

Fig. 9. 

Photomicrograph of the transverse section 
of the larynx of Cacopus, posterior to 
Fig, 8. 

notiee*el in the larynx e)f 
form that I have* e‘xamineel. 
strue'tures is inte*re*st- 
in^j’ ; the*y |)re*se*nt 
bunelle*s e)f ee)m])ae*t 
e* e) n n e* e t i v e tissue* 
studde*el with nuclei. 

The t we) me*elian e)ne*s 
are* fre*e* fre)m any 
attae*hme*nt while the* 
terminal e)ne*s «’ive* 
attachment te) the* 
pre)xinial parts e)f the* 
ve)e*al ee)rds. On the* 
eareliae as]>e*(*t, the* 
ary tene)iels are ene*le)S- 

ed by bre^ad hoe)el-like* expansions e)f the* e*rie*e)iel as alre*aely saiel. 


M.e\ 



Ai. 


L.s. 


Fig. lO. 

Photomicrograph of the transverse section of the 
larynx of Kaloula. (Anterior end.) 


There are a fe*w' more sin«:ular fe*atures in the* anatomy of ’ 
the larynx of these forms to which I now ])roeeeel to refer. The 
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inner margin of the vocal cords is not straiglit and in cross 
sections presents an irregular outline. Tlie tracheal (‘hamhers 
on each side en- 
(‘losed by the cri¬ 
coid annulus and 
the vocal cords are 
deep and divided 
into anterior and 
l)osterior sections 
which ar(‘ s<‘parat- 
ed from eacli other 
by a vertical 
membranous fold 
ext(*nding from the 
beak-lik(‘ proe(‘ss 
of th(» arytenoid 
to th(‘ vocal cords 
(s(‘e text Fig. 5), 

In tile (U’oss sections of the larynx the dorsal extcmsions of 
the tracheal chambers a])pear as two lateral sinuscss disende 
from the median glottis. 

■ T h e ]) r i n e i ]) a 1 
laryngeal muscles 
which can be dis- 
S(H*ted from the 
ventral aspect, of a 
frog lik(* Itana hvjca- 
(lactyla or Itana 
tlgrlm an^ the dilator 
and constrictor laryn- 
gis, the hyoaryte- 
noideus anterior and 
posterior and tinally 
a slip of muscle 
petrohyoideus tertius 
extending across the 
cardiac margin of 
the arytenoids. These muscles arise from the pharyng(‘al 
margin of the cricoid and run vertically dorsally about half¬ 
way of th(dr cours(‘ and then taking a posterior direction, be¬ 
come inserted into the dorsal muscles (muscle lat issimus dorsi) 
(see text Fig. 17). Imay mentionhere that Miss Frazier (1) who 
has described th(‘. structure of the larynx of the Chinese species 


M.C. 



Ar. 


L.S. S.C. C.A. 

Fig. 12, 

Photomicrograph of the transverse seciton of the 
larynx of Kaloula, posterior to Fig. 11. 



L.S. 


S.C. 

Fig. 11. 

Photomicrograph of the larynx of Kaloula, 
posterior to Fig 10. 
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of Microhyla^iloi^)^ not alludp to tlu^ pn^spnoi^ of sncli musel(\s ; 
in fact slip does not- d(\s(*ribp tlip laryngeal ninsclpH at all. The 
contraction of these muscles must have the elTect of swinging 
out the pharyngeal cup of the cricoid and thus wid(m the dorsal 
tracheal chambers. The (*ardiac portion of the (*ricoid which 
is also (*up-lil<(‘ in tlusse forms is ]\(‘ld in position by the con¬ 
nective tissue attachments with the basihyal. Thes(‘ mus(*h‘s 
(muscle protractor cricoideus), therefore, are protractors. 

DISCUSSION AND SUMMARY. 

It is obvious from th(‘ stmly of the laryngeal aj)paratus 
of these narrow-mouthed toads that w(^ (*ould establish two 

groui)S,—t he Cacopu.s 
group and tin* Kalouln- 
M icroJiyln grou]). A 
similar grouping with 
reference* to the dis- 
l)osition of the valv(*s 
in the h(‘art and the* 
structure of the* heart, 
has b(*(‘n not(*d by 
JTofessor (\ K. Nara- 
yan Hao (17). It must- 
be mentioned, however, 
that there is not a 
detinite line of demar¬ 
cation between the two 
groups so formed. 

The points in com¬ 
mon between the two 
groups may be mentioned. The larynges of the male forms are 
larger tlian t hose* of the femal(*s. This is a matter of common 
observation and it is noticed even in cas(*s where the male does 
not possess enormous croaking powers. It must be mentioned 
here that the vocal sac of the male Cncopns is an extraordi¬ 
narily wide pouch and when fully distended is oval in outline 
and is nearly half in the total length of the animal. 

Sonn* of the anatomical peculiarities of the larynx must 
be corr(**ated with the powerful voice with which nature has 
endowed this creature. During the greater part of the year 
CacojmH lies buried deej) in the ground and comes out after 
heavy rains. The cry of this toad has be(*n usually compared’ 
with the bleating of goats (7) but I doubt tlie accuracy of this 





v.(;. s.c. c.A. 

Fig. 13. 

Photomicrograph of the transverse section 
of the larynx of Kaloula, slightly posterior 
to Fig. 12. 
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description. It is a well-known fact that the lar^(‘ vocal sac 
by being putfed with air helps to intensify th(‘ sounds arising 
in th(‘ vocal organs and the surface of the water on wlih'li the 
vocal sac reposes very consider¬ 
ably increases th(‘ intensity 
of the sound acting as 
a resonator. Mirrohyla and 
Kalofda do not possess a 
vocal sac. 

The coni])lete inclusion of 
tlic arytenoids within the cri- 
(*oid annulus is a non-ranid 
feature ; furtluT the absenc(‘ of 
the processus nuiscularis and 
the spina o(\sophag<*a are specific 
cbaracters of the South Indian 
Engystomatida‘. The presence 
of the spina in the diiiuvse 
form has already been noted, ft was rcuiiarked that the pr(‘sence 
orabsenc(M)f t he spina oesophagea in the Kanids was so closely 
correlated with the S(‘x of the individual that it was rnacb^ a 

s.ex d(d(‘rminer. Gn^at 
em])hasis cannot be 
laid on this ])oint, 
for in two spc^cimens 
of Rana tigrina and 
Rami hrevivrps I have 
noticed the presence 
of the oesophageal 
process even in the 
male. Thus this cri¬ 
terion cannot be very 
safely relied u])on. 



(;. 
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Fig. 14. 

Photomicrograph of the transverse 
section of the larynx of Microhyla. 
(Anterior end.) 


Fig. 15. 

Photomicrograph of the transverse section of the 
larynx of Microhyla, posterior to Fig. 14. 


V.c. The two (uip-like 

expansions in the 
oesojihageal end of 
the cricoid have been 
compared with the 
articulares anteriores 

and the posterior ones near the cardiac end to the artic.ulares 
posteriores ; this process—processe articulares or the articular 
process—is a definite projection on the annulus in M, 
oJeinavensis. 
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The distal expansions of tlie broneheal processes forming 
a ring over the proximal ends of the lungs deserve mention. 

Such expanded carti¬ 
lages are noticed in 
tlie case of ITrodela. 
Thus the anuran 
cartilag(‘ may be 
liomologised witli the 
triu*h(‘al cartilages of 
the ITrodela. Further, 
tli(‘se two bronclieal 
cartilages do not fuse 
in th(‘ middle line 
to form, as in Rana 
vscnlvyiia^ pro c s s 
p u 1 m o n a 1 e s a n d 
process obtiiratorius 
(Gaupp). 

T li (» c a i t i I a g o 
apicalis is abscuit from 
all the three forms. 
T]i(‘ slit in the arytenoid cartilage^ has already been mentioned. 
Cacopns stands apart from the otluT two (examples in the 
])ossession of tlu‘ teeth on the internal surface of the arytemoids ; 
the distal two furtlier 
attach the vocal cords 
to the arytenoids. In 
all the three forms, at 
the points of attach¬ 
ment of the vocal cords 
with the arytenoids 
tluTe is a cartilaginous 
sup])ort. Tlu' two vocal 
cords thus arising from 
the thick pillars is 
further attached with 
the arytenoids in their 
centre to the b(‘ak-like 
process already referred 
to. This beak-like process is poorly developed in Microliyla 
and Kaloula. 

Howes (8) describes in the case of LeptodaetyUis and Rana 
pipienSj a couple of folds uniting to form a lip on the hind 



Fig. 17. 

Photograph of the drawing of the laiynx in 
situ of Cacopus, showing the new muscle 
(x) and vocal sac. 


C. 





S.C. 

Fig. 16. 

Photomicrograph of the transverse section of the 
larynx of Cacopus, in the anterior region. 

At the region marked X the two lateral sinuses 
become one with the median chamber, and 
open into the pharynx by the glottis (G). 
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boundary of tlio j^lottis, with another fold, th(‘ e])i^]ottis, on 
the other side of the auditiis. This lip-like fold he calls the 
‘epilaryn^»‘eal fold’. Both tlnvsc' folds, thr* (‘pif^lottis (membranous 
in those an lira possessing it and homolo^ised with the ehon- 
driti(‘d ones in the mammals) and the (^])ilaryn^eal, ar(^ absent 
from the three' ^eiu'ra under discussion. 

Tlie liyoid apparatus in all the three' examples is based 
on a eomme)!! plan. Only l.he thyroid processes differ. In 
Cacopvfi there is a eartila^<inous bridge' betwe*('n the two bony 
proe*e'Sse‘S ; in Mirrohyla the're is a eart ila^^inoiis beak-like' 
portion ennnectin^ the twei, and in Kaloula this beak-like pe)r- 
tion is bony. The ante'iior boely proe*ess of the basihyal is very 
short in Caropvs^ wliile in Kaloula anel Microliyla they are 
\oi\^. An e'xtra-hyal common to all the' three South Indian 
EngystomatidcT is wanting in the (Miinese' fe)rm. The' hyoid 
apparatus of the* South African forms re'se'rnbh' more Micro- 
hyla okinarensis than the South Indian fe)rms. 

The muscle^ ])rotracteir crieoieleus is e*e)mme)n tei all the 
three' forms. 

The variations in the larynjjeal structures of these forms 
could only be proi)e‘rly elueidate'd provieh'el the ele‘ve'lo])mental 
history of these forms is we'll kneiwn. This predilem is engaf^ing 
tlie attention of t he writer. 
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ABBREVIATIONS. 

Anterior process of the basi-hyal. 
Arytenoid. 

Anterior articular process. 

Anterior body process. 

Anterior Cornu. 

Anterior cliamber. 

I^he median process from the ary¬ 
tenoid cartilage. 

Bony beak-lik(‘ process. 

Bronclieal process. 

(^ivity in the arytenoid. 

Cricoid Annulus. 

Cartilaginous diapophysis. 

Dorsal extension of arytenoid 
cartilage. 

Kxtra-hyal. 

Glottis. 

Lateral sinus. 

Loose tissue capping tin* arytenoid 
cartilage. 

Median chamber. 

Posterior process of the basi-hyal. 
Posterior Cornu. 

Posterior chamber. 

Posterior arthuilar process. 

81 it in the arytenoid. 

Cartilage support of the vocal cord. 
Sj)ace in the vocal cord. 

“Teeth”. 

Terminal expansion of the bronchcal 
process. 

Vocal cord. 

Pillar for the attachment of the 
vocal cord (V.C.). 



THE CRANIAL OSTEOLOGY OF THE 
SOUTH INDIAN ENGYSTOMA 7/Z?^(ANURA). 

By L. S. Ramaswami, B.So. 

(Department of Zoology, Central College, Bangalore.) 


INTRODUCTION. 

In a preliminary communication to the Current Science (1) 
it was reported that in order to establish the systematic 
position of the group Engystomatidse (Anura) all the organs 
were being studied from a developmental standpoint. It is 
necessary, however, in order to facilitate the discussion of the 
relationships of the three genera, Cacopns, Kaloula and 
Ulierohylo, a correct conception of the structural details 
of the head must be made known. In order to make 
a comparative study of these characters, heads of these genera 
were decalcified and sectioned ; besides, the metamorphosing 
tadpoles were also sectioned and studied. Alizarin prepara¬ 
tions of the entire animals were also made for studying the 
gross outlines of the bones. 

In this connexion I must express my debt of gratitude to 
Professor 0. R.Narayan Rao, M.A., whose constant encourage¬ 
ment and direction have enabled me to finish this piece of work. 
1 must also thank Miss T. P. Vanajakshi, B.Sc., for making the 
alizarin preparations of the frogs. 

MATERIAL AND METHOD. 

The metamorphosing tadpoles of Caeopus and Mierohyla 
collected during the rains of July and August, were fixed in 
Bouin’s fluid. The early stages of Kaloula 1 was not able to 
secure. The heads of the adults of all these three genera were 
fixed in Bouin and later decalcified in the oft-used fluid—70 per 
cent alcohol containing 1 per cent nitric acid. Jenkin’s 
fluid which does not entail a previous fixation was also tried. 
Both these fluids have given very good results. Sections 
ten microns thick were cut and stained in hsematoxylin—eosiii, 
aqueous fuchsin and also triple stains like hsematoxylin— 
picroindigocarmine, Pasini and Mallory. 
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The Nasal Capsule, —Tho, complicate nature of the 
olfactory capsule in f\"ana fusra has been described in detail by 
Gaiipp (2), Th(‘. latest work bearing on this subject is by de 

Villiers who has described the South African forms like Arthro- 
lept?lla (.3), Hemisus (4), Brcvieeps (5), Phrynomerus (0) and 
Gacosternnw. (7). 

Gacopns possesses both the prenasal cartilages (the pre- 
nasalis superior and prenasalis inferior) and in this respect it 
r(*sembles more the Ranid form and also the South African 
forms Wko Phrynomerus^ Caeosternnm and Brevireps, In 
Microhyla and Kaloula only the sujjerior cartilage is present. 
This is a long and thick cartilage and is tlie main support for 
th(‘ premaxilia. The* internal terminal part of this prenasal 
cartilage is located just at the point the cartilage alaris takes 
its origin from the septum nasi. Tri CncopnSj however, the 
superior is flexed beneath the septum nasi. The cartilago 
alaris and cartilago obliqua are both present. The cartilago 
alaris. a thick and (Mi])-shaped cartilage in Kaloula and 
Mlerohyla^ wliile b(‘ing h^ss arched in Gacopus^ takes its origin 
from septum nasi and gives attacliment to the superior nasal 
cartilages. The three chambers, the cavum principale, eavum 
iiKMlium and cavum inferius, are present. According to Bruner (8) 
the lateral vestibule of cavum superius- (also described by 
Born) is separated from cavum superius itsedf by folds only ; 
and the fohl conn(M*ted with the posterior wall of the vestibule 
attains enormous size. This fold called by Bruner the plica 
obliqua is attached in liana to the eartilaginoiis roof of the 
nasal ca])sule. flowever, in all the three genera, like the 8outh 
African forms, the ydica depemds from the cartilago obliqua and 
not from tho, cartilaginous roof of th(‘ nasal capsule. There 
is a definite dent in the septum nasi dorsally in Kaloula and 
Microhyla while it is flat in Gacopus. Further, a slight ossi¬ 
fication of th(^ septum nasi could be seen in Gacopus. No 
sooner the (‘xternal nares closes up, the cartilago alaris also 
disappears and the place is taken up by a thin Gauppian 
Wulst. The vestibule is fairly moderate in size (see text Figs. 
1, la, 2 and 2a). Besides the vestibule remains as a closed 
sac by the side of the original seat of the vestibule. The recess 
sacciformis, a diverticulum of the infundibular region of the 
cavum principale—a characteristic feature of the Ranids and 
also Gacosiernum (7), is however absent from Microhyla and 
Kaloula and only a vestige of it is noticed in Gacopus. Thus 
the infundibulum may be said to open directly into the cavum 
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medium. The cavum medium is simple in all the three examples. 
Long before the narial opening closes up and the vestibule makes 
its appearance the infundibulum will have gained access into 




Fig. 1. 

Transverse section of MirrohyJa^ show¬ 
ing the Wulst and the septomaxillary. 


Fig. 1 a. 

Transverse section of Microhyla^ show¬ 
ing the nasal and the planum 
terminale. 




Fig. 2. 

Transverse section of Kaloula, 
showing the septomaxillary. 


Fig. 2 a. 

Transverse section of Kalouhiy showing 
the nasal and planum terminale. 


the cavum medium. Pig. 3 is drawn to represent the points 
enumerated. The blind end of the cavum medium gives origin 
to the ductus nasolachrymalis. The cavum inferius, like all 
other frogs and toads, possesses a thickened part towards the 
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septum. The importance of this cavum inferius is largely 
due to the interpretation that is placed on this structure. Miss 
Lapage (9) working on the septomaxillary of the Anura re¬ 
marks about Bufo marinus thus, ‘‘... .In this species the nasal 
sac has three chambers similar to those found in Ram, namely, 
cavum superius, cavum medium and the cavum inferius, 
(Jacobson’s Organ).” Thus it appears that Lapage believes 
that the entire cavum inferius is the Jacobson’s organ, and 
further we read that “ this homology of the cavum inferius and 
Jacobson’s organ has been established by Wiedersheim. ” 

Gaupp (2) homologises the 
recess medialis of the 
cavum inferius with the 
organ of Jacobson, if owes 
(10) working on the Croco- 
dilia remarks, there can 
be now no doubt that that 
structure sometimes refer- 
r(Kl to in the Ami)hibia as 
an organ of Jacobson is a 
maxillary sinus, non-horno- 
logous with the Jacobson’s 
organ of tlie higher 
vertebrata. The latter 
exists in that which the 
known facts of develop¬ 
ment show to be the most 
nearly its original form 
among the Lacertilia.” Thus, Howes is emphatic about the 
absence of Jacobson’s organ in Amphibia. Villiers in his 
paper on Carosiernum (7) points out that the adult individual 
possesses a single prechoanal sac into which tht^ choana' no 
longer open. In Phrynomerus (0), on tlie otlier hand, the 
larval form has a single choanal sac. whi(*Ii later on in the 
adult becomes double. 

In the narrow-mouthed toads under discussion, Cacopiis falls 
into one group while yru/oi/Ia and Microhyla maj^ be said to fall 
into another. Figures 4, ia, 4b and le are drawn to show the 
transverse sections in the anterior region of the metamor¬ 
phosing tadpole of Gacopus, The prechoanal sac is very well 
formed and into this sac open the two choanse. Thus in this 
respect Gacopus closely resembles Phrynomerus, In the adult, 
however, there is only present a reminiscence of the prechoanal 


R-hT 
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Fig. 3. 

Transverse section of Gacopus, showing 
the cartilago alaris, cavum medium 
and septomaxillary. 
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sac (see Fig. 3), and this sac has absolutely no relation with the 
opening of the choanae. In Mierohyla, the tadpoles do not 
show any trace of apreclioanalsacand tlie choaiue directly open 
into the buccal cavity. I have already mentioned that I was not 



^ b. 4 c. 

Figs. 4—4c. 

Consecutive transverse sections of metamorphosing toadlet of Cacopus show¬ 
ing the behaviour of the tectum nasi, the formation of the prechoanal sac. 

able to secure the tadpoles of Kaloula and at any rate, judging 
by the imilarity of structure between Kaloula and Mieroliyla 
I can safely state that there is no prechoanal sac. In the 
adults of these two forms unlike Cacopus, I notice that the 
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choanse open into two sacs—the prechoanal sacs which later 
on fuse and open by a common opening into the buccal cavity 
(see text Figs. 5, 5a, 5ft and 6, Ga, Oft). This character, how¬ 
ever, has been noticed by de Villiers for Phrynomcrus (0). Uc 
remarks, it is more than probable that the sacs referred to 



S. 


5 a. 



5 b. 

Figs. S—5 b. 

Transverse sections of Micro^ 
liyhit showing the formation 
of the prechoanal sac, and the 
dispositions of vomer and 
solum nasi. 


represented 
Microhyla f 


in 


above are vestiges of the organ 
of Jacobson.” He proceeds further, 
“ if the primitive land anamniotes 
possessed a buccal division of the 
Jacobson’s organ, Plirynom crus 
represents the only known form 
possessing a vestige of it.” Assum¬ 
ing this to be the state of affairs, 
then Kaloula and Microhyla could 
be very well added as the second 
and the third to the list, having 
a buccal division of the organ of 
Jacobson. The different views 
regarding the cavum inferiiis liave 
already been set forth. Then, if 
Gaupp’s view be accepted, is it 
that the recess medialis represents 
the narial part of the organ of 
Jacobson and the buccal part is 
Phrynomcrus (de Villiers) and Kaloula and 


The eminentia olfactoria are all high and elevated in all 
the three forms. In Microhyla there is a beak-like prominence 
in the cartilage which gives support to the eminentia 
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towards the choanal side, and in Gacopus in posterior regions this 
cartilage assumes the shape of an inverted U (see text Fig. 5c). 

The Bones ,—Devanesan (11) has described tlie relation of 
the bones in the adult skull of Cacopiis, He has pointed out 
that the spheneth- 
inoid is extremely 
short and does not 
exhibit the prisma¬ 
tic shape seen in 
Rana. Further, the 
squamosal (the 
paraquadrate) and 
the palatine are 
reduced. Tn the 
alizarin prepara¬ 
tions of tlie head 
of this animal the 
exact outlines of 
the sphenethmoid 

(Os en ceinture) 6 . 

could be very easily 
made out. The bone 
is not girdle-shap(Hl 
and it is incomphde 
both dorsally and 
ventrally. It just 
forms the side wall 
of the skull in the 
ethmoid region and 
posteriorly in the 
side of the skull it 
is definitely notched. 

The os en ceinture 
which may be said 
to be typically 6 a. 

Kanid makes its ap¬ 
pearance far anteriorly and is well bent under th(‘. large* nasal 
possessing spacious marrow cavities. As aln^ady said, the septum 
nasi shows gentle ossification (see text Figs. 7 and 7 a). The 
vomer is present at the base of the eminentia olfactoria with 
a large marrow cavity. In a more posterior region where the 
choana is absent from the section a vestigeal palatine is seen’; 
the solum nasi is well ossified in continuation with the os en 
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cointure. The parasphenoid is seen in bits. The nasal is 
attenuating. All the bones, the os on ceinture, the fronto-parie- 

tals and the para- 
sphenoid possess largo 
marrow cavities (see 
text Fig. 7a), The 
sphenethmoid ossifica¬ 
tion in the case of 
Microhyla appears no 
sooner the choanso 
close up. The vomer 
will also have dis¬ 
appeared from the 
secitions, thus funda¬ 
mentally differing from 
Rana (see text Figs. 8 
and 8tt). The tectum 
nasi joining the exten¬ 
sion of the cartilage 
obliqua remain in this 
state even after the 
choanic disappear. At 
the region where the 



Figs. 6—6 b. 

Consecutive transverse sections of Kalonla^ 
showing the formation of the prechoanal sacs, 
solum nasi, the antorbital process and the 
vomer. 


olfactory nerves have appeared, 
still the posterior extensions of 
the cavum principale could be 
seen. The os en ceinture does 
not give rise to the dorsal and 
ventral extensions. In the 
more posterior sections the 
eminentia olfactoria thin out 
and the os en ceinture is more 
osseous. The palatine is absent. 

Text Fig. 8a is drawn to repre¬ 
sent the well-developed fronto- 
parietals, the os en ceinture 
invading the tectum nasi and 
the cartilaginous basal part. 

In the region of the maximal 
development of the os en 
ceinture three pieces of cartilage 
are observable. Two dorsal in close apposition with the fronto- 
parietals and the remains on the ventral side dividing the os en 
ceinture into segments, the right and the left-a feature unknown 



Fig. 5 c. 

Transverse section of Microhyia, 
showing the solum nasi, and the 
antorbital process. 
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7 a. 

Figs. 7 and 7 a. 

Transverse sections of Cacopus in the legion of os 
en cciniuie, showing the solar ossifications and 
the fully formed frcnto-parieials and os en cein- 
liire. 


in the Ranidai. In 
Kaloula a well- 
developed palatine 
is noticed in the 
sections. Tlie vomer 
assumes enormous 
proportions situat¬ 
ed just below the 
erninentia olfac- 
toria. The choana? 
do not seem to 
pierce the vomer 
as they do in Micro- 
hyla (see text Fig. 
oh). At the level 
of the appearancti 
of the olfactory 
nerves the fronto- 
parietals and the 
parasphenoid have 
made their appear¬ 
ance. As in Micro- 
hyla and Cacopun 
the fronto-parietals 
are very well de- 
V i? 1 o p e d being 
connected by a thin 
connective tissue— 
a feature in which 




Figs. 8 and 8 a. 

Transverse sections of Microhyla in the region of os en ceinture 
showing the olfactory tracts, cavum principale and 
the dorsal trabecular derivatives. 
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they differ from their South African congeners. In a region 
(see text Figs. 9 and 9^) where the olfactory lobe appears 

in sections a part of 
the cavum principale 
is also seen ; the os en 
ceinture is covered over 
by a part of the fronto- 
parietals. The dorsal 
two pieces of cartilage 
which were noticed in 
Microhyla are however 
abs(mt. The relation 
of tlie fronto-parietals, 
os en (*eintiire, the 
parasphenoid and the 
prootic are shown in a 
schematised drawing 
(sec text Fig. 10). 

The Paraqiiadrate ,— 
The degenerate para- 
quadrate in Cacopus 
has already been refer¬ 
red- to. In the other 
two examples, this bone 
is certainly not so de¬ 
generate as in Cacopus. 

Bcker (12) in liana 
distinguishes three* arms for this bone; the anterior, the 
posterior upper and the lower arms. The anterior arm as 
in Rana is free but blunt. The posterior upper arm is 
short and has absolutely no connection with the prootic. The 
lower one, however, maintains connection with the quadrato- 
maxillary. I)e Villiers in his paper on Gacosternum (7) re¬ 
marks that “ the paraquadrate is typically triradiate as in all 
Anura known to me; the two transverse posterior rays are 
normal investing bones of the quadrate cartilage and crista 
parotica.” Here are three examples where a gradual reduction 
in the complexity of the paraquadrate bone could be studied, 
the sequence of reduction being in the order Kaloula, Microhyla 
and last Cacopus. The posterior upper arm is short in Kaloula^ 
reduced in Microhyla and completely wanting in Cacopus. 
Even in Kaloula where it is conspicuous it does not bear any 
relation with the prootic bone as in the Eanidse. 


Figs. 9 and 9 a. 

Transverse sections of Kaloula showing the 
olfactory tracts, cavum principale and the 
trabeculae between the well-formed os en 
ceinture. 


Osteology of Engystomatid^^ 65 

The palatines also observe such a sequence in reduction ; 
Kaloula has a well-developed palatine, Cacopus a vestigeal one 
and Mierohyla has lost it. Parker (23) finds that among 
the species of Mierohyla an orthogenetic series could be 
established, ranging from forms liaving a palatine to forms 
completely devoid of it. Further, the maxillary end of the 
palatine is superimposed by the flat anterior terminal part of 
the triradiate pterygoid in Kaloula. 

The vomer is differently shaped in all the three forms. At 
the palatal end of this bone there is a distinct marrow cavity 
in Gaeopns, and the anterior end 
is divided and a part of it invests 
the solum nasi. The vomer does 
not form a vomeropalatine. and 
in Kaloula th(‘ vomer is super¬ 
imposed by the palatine. 

The ^^eptomaxillary .—The sep- 
tomaxillary (sec Figs. 1, 2 and 3) 
has been described by many 
authors and is usually met with 
in the region when^ the two 
lamina make their appearance. 

Miss Lapage (11) working on the 
Urodeles remarks that “ the 
function of th('. bone is primarily 
for the origin of the musculus 
dilator nares accessorius.” She 
also remarks that in forms like 
Triton where the muscle is reduc¬ 
ed the bone is absent. Further 
Miss Lapage is definite about the 
point that this bone takes its 
origin in a cartilage both in Urodela and Anura. In 
support of her statements Miss Jjapage adduces embryological 
data in pointing out on page 413, ” in certain places for 
example, where the septomaxillary is in contact with the 
lamina superior of the crista intermedia, these cartilages 
seem to be continuous with the septomaxillary — a fact 
which further supports the view that the septomaxillary 
arises in the cartilag(L” De Villiers making no reference to 
this author remarks in his paper on Phrynomerus (6) on page 
680, ‘‘ the septomaxillary may justly be considered as a mem¬ 
brane bone primarily of the lamina superior crista intermedia 


rn 



Fig. lO. 

Schematized free-hand drawings 
of the side views of the skulls 
of Mierohyla^ Cacopus and 
Kaloitla, showing the fronto¬ 
parietal, the parasphenoid, the 
prootic and the os en ceinture. 
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which is its main support. It terminates posteriorly in front 
of the planum terminale of the cartilage obliqua.” While I 
disagree with de Villiers, I iind in my preparations (see Figs. 
1, 2 and 3) that the septomaxillary is in close contact with the 
cartilage not separated by any connective tissue. This bone 
cannot be easily inad(‘. out in the metamorphosing tadpoles 
not until the young toad has completely lost its tail and 
assumed the terrestrial life for some time. 

In Gacostcrnum (7) according to de Villiers the septo¬ 
maxillary forms a capsule for the recess sacciformis ; in Phry- 
nomerus (6) while the recess is absent in the adult it is recapi¬ 
tulated in the young. In the three genera under discussion 
the recess is entirely absent in Kaloula and Microhyla^ while 
a vestige of it is seen in Gacoptift, and the small infundibulum 
opens almost directly into the cavuin medium. Nor is the 
recess sacciformis recapitulated in the young. 

The pterygoid, as in all other Anura, is triradiate and is 
shifted far forwards in Gacopus, There is a large processus 
pterygoideus cartilage which is invested by the bone. This 
cartilage in Gacopus in the posterior regions becomes one with 
the quadrate. 

The premaxilla has three bony outgrowths. The dorso- 
ventral blade is blunt in Gacojms and stops at a distance from 
the external narial opening. In Kaloula and Microhyla this 
part of the bone takes a bend and is situated anteroventrally 
to the anterior nares. The palatal squames are present and 
the right one is separated from the edentulous maxilla by a 
gap in Gacopus^ while in Kaloula the anterior end of the maxilla 
invests the squame of the premaxilla. The quadr atom axillary 
which is a small bone extending from the posterior end of the 
maxilla forms a i)art for the suspensorium for the lower jaw. 

The Nasals .—The shape of the nasal in Gacopus differs 
from the other two genera. It never extends over the planum 
terminale—a Kanid feature ; in Kaloula the nasal reaches 
nearly the planum terminale and in Microhyla it invests it 
(see Figs, la and 2a). The nasal has no connection either 
with the maxilla or any relation with the os en ceinture, except 
in Gacopus, where it overlies anteriorly the os en ceinture. 

The Prootic Bone .—The optic foramen is bounded on all 
sides by connective tissue. A part of the anterior end of the 
prootic is covered by a small extension of the fronto-parietals 
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(see Fig. 10;. The shape of the prootic bone differs in the three 
examples. 

The Frontoparietals. —This i)air of bones is separated 
by a fairly wide notch longitudinally—much smaller than what 
we notice in the South African forms, connected only by a small 
bridge of connective tissue. Tn Gacopus the fronto-parietals 
project by two processes on the otic capsule, while in Kaloula 
and Microhyla, a very small part of the otic e.apsule is covered 
over by the frontoparietals. Tn all tlie three genera the 
os en ceinture is overlaid by the fronto-parietals. 

The Parasphenoid. —The 
parasphenoid is a T-shaped 
bone and thc^ anterior end 
of this covers a part of 
the os en ceinture in 
Kaloula. The relationship 
of the pterygoid, the j^ara- 
quadrate and quadrato- 
maxillary can be appreci¬ 
ated by referring to tlie 
series of figures drawn 
(see Figs. 11, 11a, 11&, 
lie, llti and Ilf ; 12, 12a 
and 12b; and 13, 13a and 
13fe). It is at once obvious 
that, as already pointed 
out, Gacopus stands apart 
from the other two ex¬ 
amples. ? 

The Ear. —A series of 
sections are drawn to show 
the relationship of the 
various elements in tlie 
ear region. Figs. 11 to 11/ 
refer to Kaloula and 12 
to 12h refer to Microhyla. 

The arrangement of parts 
in Microhyla closely rc- lla. 

sembles the South African 

Gacosternum (7) (see text Figs. 12, 12a and 12h). The para- 
quadrate in the transitional region forms a single investment on 
the epidermal side of the cartilage. I have not noticed enchondral 
ossification. In Microhyla^ the processus pterygoideus is 
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extremely small; the pterygoid has a well-developed marrow 
cavity. Both the upper and lower anterior horns of the 
process basalis which are in continuity with each other are 
small, the lower being invested by the pterygoid bone. 
The processus oticus and crista parotica are united with 
process basalis which is slightly above. Even in posterior sec¬ 
tions, the pterygoid persists as a very small bone on the inner 
surfact*. of pars quadrata. 

Figure 116 is a section 
in the ear region of 
K aloul a where the 
tr a n sition al eartil age, 

processus oticus and 
upper anterior horn of 
the processus basalis 
are in contact, with one 
another ; the tw^o bones 
p a r a q u a d r a t e a n d 
pterygoid are also visi¬ 
ble. The hinder sections 
(lie) show the reduced 
l)roce88us oticus, the 
11b. transitional cartilage 

and the two horns of 
the basal process with 
the pterygoid invest¬ 
ment being separated 
from the combined 
])terygoid paraqiiadrate 
and processus ptery- 
goideus. In Kaloula 
there is a large proces¬ 
sus pterygoidcus invest¬ 
ed by the pterygoid 
bone with a large mar¬ 
row cavity. Some sec¬ 
tions of Kaloula show 
lie. tli^at the anterior portion 

of the processus basalis, 
usually invested by an extension of the pterygoid, is in 
continuity with the processus pterygoideus. Figure lid! is a 
sectional view where only the processus pterygoideus with the 
paraquadrate and the pterygoid are seen ; further, the horns of 
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the basal process are reduced and the crista protica is produced 
into a long process ; the Eustachian tube is also seen. The 
next figure (lie) 
points out that the 
lower part of the 

annulus tympani- / ^ 

CHS has given rise r ^ ^ ^ 

to a ^^arti^ginoua 

downward process 

from the crista 

parotica. Tn a still \ \ 

later section (11/) ^ 

the pars media ^ 

plectris (the bony - 

mella) has made \\ 

its appearance. •• ^ 

The processus lid. 

pterygoideus has 

fused with the externally ossified quadrato-maxillary. By 
th(‘ side of this is seen tlie Meckel’s cartilage with a small 
investing bon(», the dermarticulare. 



lie. 


While these two toads 
resemble each other in 
most respects as described 
abov(», Cacoj>nH stands 
apart and resembles Fhry- 
nomerus (0) and Rana. 
The relations of the para- 
quadrate, pterygoid and 
quadrato-maxillary are 
drawn in the series of 
figures 13, 13a and 13fe. 
It must, however, be 
pointed out that the end 
of the ^cartilage invested 
by the two bones, x>ara- 
quadrate and pterygoid, 
corresponding to the crista, 
remains in a large series 


of sections as a further part of the pterygoid bone with a * 
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well-developed marrow cavity (see Fig. 136). This ossification 
is only lost when the crista is about to join the otic capsule. 



Ilf. 

Figa. 11-11 f. 

Consecutive drawings of Kcilonla showing 
the relation of pterygoid, paraquadrate, 
quadratomaxillary, dermarticulare and 
the cartilages of the middle ear and pars 
media plectris. 


Figure 13 is a section 
in the region where the 
“ extra-plectral ” cartilage 
has not yet made its 
ai)pearance, and the an¬ 
nulus tympanicus is 
present with the small 
middle ear. Below the 
lower bend of the annulus 
tympanicus there is an 
unconnected piece of carti¬ 
lage whose exact signifi¬ 
cance is not yet determined. 
Situated ventrally to this 
unconnected piece of carti¬ 
lage, is the well-ossified 
q uadrato-rnaxillary. The 
pterygoid with the pro¬ 
cessus pterygoideus and 
Meekers with the derm¬ 
articulare arc also seen. 
A processus quadratus is 
also present. The next 
stage (Fig. 13a) is when the 


“ extra plectral ” has made its appearance and the processus 
pterygoideus is large, being invested by the paraquadrate and 



the pterygoid. The figure shows the large process and the part 
of pterygoid with the well-ossified pars media plectris. No 
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cristal ossification is noticed. In brief, this cartilage, processus 
quadratus pterygoideus is invested by the paraquadrate, ptery¬ 
goid and the quadrato-maxillary, while in the frog only the 
quadrato-maxillary invades the cartilage. 



12 b. 


Figs. 12-12b. 

Transverse sections of MicrO' 
hylOt showing the paraqua¬ 
drate, pterygoid and derm- 
-articulare and the carti¬ 
lages of the middle ear. 


The Otic Capsule ,—The prootic 
bone which forms the anterior 
boundary of the otic capsule is 
simple in Kaloula and Microhyla. 
This bone is removed far from the 
foramen opticus (see Fig. 10). In 
Cacopus, on the other hand, the bone 
is cut up into processes. The 
“ extra-plectral cartilage is embed¬ 
ded in the tympanic membrane and 
is attached dorsally with the osseous 
pars media plectris. The annulus 
tympanicus is incomplete dorsally, 
so that it is not a complete annulus. 
The relation of the extra-plectral 
cartilage, the annulus, the middle 
ear and the Eustachian tube are 
very well shown in the series of 


figures 11 to 11/, 12 to 12b and 13 to 13&. The ossification 


of the columella near the opercular region is different in 


P 



13. 13 a. 13 b. 

Figs. 13—13b. 

Transverse sections of Cacopus, showing the relation of paraquadrate, the 
pterygoid and quadratomaxillary and the cartilages 
of the middle ear. 

7 r 
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the three forms. The osseous structure is peripheral in Micro- 
hyla, slightly internal in Kaloula and definitely internal in 



14 ,. 14a. 14b. 14c. 



14 d. 14e. 14 f. 

Figs. 14->14f. 

Transverse sections of Kaloula^ showine; the attachment of the pars media 
plectris, the operculum and the hyale. 



15. 16 a. 16 b. 16 c. 


Figs. 16—16 c. 

Transverse sections of Microhyla^ showing the attachment of pars media 
plectris, the operculum and the opercular muscle. 

Caeopus. The attachment of this part of the columella with 
the otic capsule is also different. While it is terminal in Caeopus 
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and Kaloula, it is removed far from the attachment of the 
hyoid in Microhyla. The columella is overlain with the jugular 
vein and the seventh nerve. 



In all the three, the operculum (the stapes) is eup-sliaped 
and covefs the fenestra ovalis. This operculum is never 

attached either to 
the upper part 
(crista x^aroth^.a) or 
the lower li]) of the 
fenestra ovalis in 
Kaloula (see text 
Figs. 14 to 146) 
and Microhyla (see 
text Figs. 15 to 
15c) while in 
Cacopns it depends 
from the crista 
X^arotica as shown 
in the Fig. 16c (see 
text Figs. 16, 16a, 
166 and 16c). In 
all the three the 
opercul um carries 
a well-developed 
knob for the 
attachment of the opercular muscle. The otic capsule is 
feebly ossified in Kaloula and Microhyla. In Cacopus^ on 
the other hand, extensive ossification occurs ; even the septum 
separating the brain cavity from the otic, is heavily ossified 
with the large marrow cavities in the bones (see text 
Pig. 16d). 



16 d. 

Fig*. 16-16d. 

Transverse sections of Cacopiis, showing the attach¬ 
ment of pars media plectris, the operculum and 
its attachment with crista and the extensive ossi¬ 
fication of the otic vesicle. 
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DISCUSSION AND SUMMARY. 

The edentulous nature of the premaxillsB has been 
much used in taxonomy and is believed to be a disting¬ 
uishing feature of the group Engystomatidse. This cannot 
be very \yell relied upon for one of the South African Brevi- 
cipitid toads, Gacosternunij possesses teeth on the premaxilla. 
Further, de Villiers questions the propriety of the inclusion 
of the Cacosternum under Bngystomatidse. Like the other 
South African forms these lack the procorocoid bone. On 
account of the loss of it the corocoid assumes greater propor¬ 
tions. Like the Eanids Cacoptis possesses both the prenasal 
cartilages while Microhyla and Kalonla have only the superior. 
Moreover, the palatal squaine of the premaxilla is separated 
by a gap in Microhyla and Caeopus while the premaxilla in¬ 
vades tlie squame in Kaloula, It is peculiar, however, that 
Kaloula should differ from Microhyla in such minor details, 
for in the characters that are going to be enumer&ted here¬ 
after one will notice the close similarity between the two. 

The disappearance of a typically Ranid feature—the recess 
sacciformis ought to be mentioned. The septomaxillary which 
has been definitely pointed out to be cartilage bone does not 
give attachment to any muscles as pointed out by Miss Tjapage 
for Urodeles. Unlike the Eanids the plica is suspended from 
the cartilage obliqua and not from the tectum nasi. 

The Ranid eminentia olfactoria is always known to be 
flat and low. In the case of all these three examples it has 
been pointed out that the eminentia are very high and 
moreover carry a beak or a bent process in Kaloula and Micro- 
hyla, while in Cacopus in the posterior regions the eminentia 
assume the shape of an inverted U. In this respect the Soiith 
African Cacosternum differs from all these three. 

The vomers are very well developed in Cacopus and 
Kaloula^ and feeble in Microhyla, A process from the anterior 
end of the vomer invades the nasal capsule and in Microhyla 
the choansB also, thus differing in these respects from Rana 
and Cacosternum. The bone is edentulous and carries a marrow 
cavity. Further, no fusion of the vomer is ever noticed 
with the palatine, thus no vomeropalatine, as seen in Phry- 
nomerus^ is ever formed. The palatine, as has already been 
pointed out, is very well developed in Kaloula^ vestigeal in Caco¬ 
pus (Devanesan) and is completely absent from Microhyla, 
M. Smith (23) figures the ventral view of the skull of Kaloula 
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pulchra and remarks on page 120 thus, “ palatine much reduc¬ 
ed, its inner extremity underlying the vomer.” In the ali¬ 
zarin preparations that 1 have examined the palatine is well 
developed covered by a part of the vomer at the inner end and 
the pterygoid, at the outer end. Thus there appears to be a 
gradual reduction in this investing bone in these three genera. 
Here again there is a divergence of character between Micro- 
hyla and Kaloula, Incidentally in the possession of a well- 
developed palatine invaded by a part of the pterygoid in 
Kaloula^ links it with the two examples Rana and Cacosiernum. 
Possibly the reduction of the palatine and the disposition of 
the vomer are to be regarded as purely secondary. 

The nasals are never Ranid in character ; it is only in 
Cacopus that a part of the nasal covers a part of the os en cein- 
ture. In Phrynomerus and Rana the nasals leave little of the 
anterior portion of the os en ceinture exposed. The fronto- 
parietals are so extended anteriorly in these three South Indian 
narrow-mouthed toads, that the inwardly flexed part of the os 
en ceinture is covered over in turn by the fronto-parietals. 

The os en ceinture is typically paired in all the three 
examples unlike Rana. In certain regions the free dorsal ends 
of the 08 en ceinture persist as cartilage while at other regions 
the dorsal ends are ossified. These cartilaginous trabecular deriv¬ 
atives are characteristic of these forms and also Phrynomerus, 
while in Rana, it is entirely osseous. 

The occurrence of the two prechonal sacs in Mict'ohyla 
and Kaloula and the occurrence of a vestigeal one in Cacopus 
has already been stressed. In the case of Phrynomerus the 
single anlage with the choanse opening into it develops in the 
adult into a sac which bears no relation with the choanaB. The 
exact homology of these sacs is rather difficult to elucidate ; 
however, it has been pointed out that these sacs in Kaloula 
and Microhyla may correspond with the buccal part of the 
organ of Jacobson, while the recess medialis of the cavum 
inferius would form the narial part of the organ. 

The fronto-parietals are very well developed, more exten¬ 
sively than in the case of Phrynomerus and Gacosternum. The 
two frontoparietals on either side are united by a small bridge 
of connective tissue and the fronto-parietal foramen is there¬ 
fore minimised. In South African forms the connective 
tissue bridge assumes enormous proportions since the fronto¬ 
parietals are very feebly developed. 
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The optic foramen in South Indian Engystomatida? is 
never bounded by the posterior extension of the os en eeinture. 

The ossification of the otic capsule is exaggerated in Cacopus 
and, as already pointed out, the septum between the otic and 
the brain cavity is also ossified possessing marrow cavities. 
Closely associated with this extensive ossification mention 
must also be made of the ossification in the narial region. The 
septum nasi, while in earlier sections, shows patches of ossifica¬ 
tion, in the posterior regions becomes definitely ossified. More¬ 
over, the solum nasi is also ossified. Such an extensive ossi¬ 
fication I have not noticed in any frog or toad that I have 
examined. De Villiers working on the cranial osteology of 
HemiffUft mormoratus remarks on page 316, “ At the outset 

it should be pointed out that Hemisus has the most exten¬ 
sively ossified chondrocranium among the Anura. Although 
the os cn eeinture in some genera (Gaco^ternum and Anhydro- 
phryne) tends to be prolonged into the tectum, Hemisus is 
probably the first anuran for which ethmoidal solar ossifica¬ 
tion has been described.’’ Certainly, Cacopus should be in¬ 
cluded in the list as an example where ethmoidal solar ossi¬ 
fication also occurs. This fairly extensive ossification in the 
cranium of this narrow-mouthed toad must be closely cor¬ 
related with the habits of life. It is said that this toad lives 
buried under earth six to seven feet for at least six months 
in the year during summer. When favourable conditions 
like the rainy season supervene these animals come out to 
breed. It is definitely known that this animal does not use 
its head in burrowing, for the hind feet are well supplied with 
tubercles which aid the animal. Possibly, the vestigeal condi¬ 
tion of the paraquadrate and the palatine and the shifting 
forward of the pterygoid must be compensated for and this is 
done by the complete ossification of the various parts 
enumerated. Kaloula and Microhyla dwell usually in wet 
earth and do not generally reach great depths, and since the 
disposition of the paraquadrate and pterygoid are normal 
such a wide ossification as occurs in Cacopus is unnecessary. 

The paraquadrate is small, with no processes in Cacopus^ 
and in Kaloula and Microhyla the bone possesses one small 
projection, towards the otic capsule. Further, this bone is 
in close proximity with the unossified crista in Cacopus ; in 
Mict'ohyla and Kaloula the crista is cartilaginous and is en¬ 
veloped partly by the paraquadrate. 
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The pterygoid invests partly tlie process pterygoideus 
and later remains as an unossified part of the process basalis 
when the Eustachian tube makes its appearance. The pterygoid 
invades the processus in Mierohyla and Kaloiila, 

The quadrato-maxillary is a well ossified bone investing 
the process quadratus. In Cacopus this articular portion 
becomes one with the process pterygoideus. In Kaloula the 
processus quadratus becomes one with processus pterygoi¬ 
deus and thus all the three, quadrato-maxillary, paraquadratc 
and pterygoid, invest this cartilage, while in Bana only the 
quadrato-maxillary invests it. 

The ‘ pars ascendens plectri' is absent from all the three 
genera. However there is a cartilage establishing connexion 
between the ventral division of the annulus tympanicus (and 
not pars externa) and the crista i>arotica is to be seen only in 
Kaloula, In my preliminary communication this cartilage was 
inadvertently labelled pars ascendens. 

While the relation of bonces and cartilages in the ear region 
of Gaeopus resembles Phrynomerus, the other two examples 
stand apart and resemble the more Eanid Cacosierntm, Like 
their South African relatives these three forms have a ‘hidden 
tympanum ' and the skin is unmodified in the region of the 
tympanic membrane. The exact homology of the jiars media 
plectris (columella) and the operculum (stapes) is described in 
various ways. In the Kanidae the osseous medio-stapedial 
process bears an outer portion embedded in the tympanic 
membrane—the extra-stapedial cartilage, and internally from 
the mediostapedial process fitting into the fenestra ovalis is 
another cartilaginous process—the interstapedial. In the 
Engystomatidae, on the other hand, the pars media plectris 
expands into a cartilaginous oval cartilage embedded in the 
tympanic membrane. As de Villiers remarks, if the view that 
the stapes and columella of Sauropsida are homologous with 
the plectrum and operculum of Anura (Gaupp), then the 
nomenclature of the plectral apparatus till now in vogue becomes 
untenable ; and the cartilage embedded in the membrane is 
to be rightly called “ extra-plectral ” homologous with the 
extra-columella of Keptilia. 

The operculum is well developed in all the three forms ; 
it is but natural to expect this development since all the three 
toads are typically terrestrial. This is in accordance with the 
observation of Versluys (20). One point of great difference 
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between the attachment of stapes in Cacopus from the other 
two examples, deserves mention. The crista parotica is 
attached to the stapes only in Cacopus, Graham Kerr in his Text¬ 
book of Embryology (1919), page 345, points out that “ the inner 
end of the columella (stapes) fits into the fenestra ovalis. It 
is for a time, during prochondral or cartilaginous stages or both, 
continuous with the wall of the auditory capsule and is prob¬ 
ably to be interpreted as a portion of this wall which has 
become separate and moveable.” Whether the stapes is merely 
an extension of the crista, a view supported by the adult Cacopus 
or is a chondrification in the capsular membrane closing the 
fenestra ovalis (Villy. 24.) requires a little more detailed study. 

KEY TO THE LIST OF ABBREVIATIONS USED IN THE TEXT. 


A. N. 

Anterior nares. 

A. T. 

Annulus tympanieus. 

Au. 

Augendriise. 

B. 

Brain. 

B.C. 

Basis crani. 

B.C. S.N. .. 

Basis crani and septum nasi. 

B. ot. 

Base of the otic capsule. 

C. 

Cartilage. 

C. A. 

Cartilage alaris. 

Car. Con. 

Cartilaginous connexion. 

C.B. 

Eemains of the tissue between the 
prechoanal sac and buccal cavity. 

C.C. 

Connective tissue attaching the 
frontoparietals. 

Ch. 

Choana. 

C.M. 

Cavum medium. 

C. 0. 

Cartilage obliqua. 

C. P. 

Cavum principale. 

C.P'. 

Crista parotica. 

D. 

Dermarticulare. 

D.A. 

Lower Jaw. 

d. f. V. 

Ductus fenestra vestibuli. 

D.L. S.,L. S... 

Lymph sac. 

D.N. 

Ductus nasolachrymalis. 

D. Tr. 

Dorsal part of the trabecular deri¬ 
vative. 

B. ol. 

Eminentia olfactoria. 

B. pi. 

Extraplectral. 

B.V. 

Ectodermal vesicle. 
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f. o. 

F. P. 

G. , G.M. 

H. C. 
hy. 

I. 

I. E. 

L. A. Ba. 

L. I. 

L. J. 

L. S. I. 


M. 

m. 

M. C. 

M. E. 

N. 

Ne, 

O. 

O. E. C. 
Ol. N. 

Os. 

O. 8. N. 
O. 8. Na. 

O. Tr. 

P. 

p. A. p. 
Par. 

P. B. 

P. C. O. 

P. C. 8. 
Ph. C. 

P. M. 

P. m. p. 
P. O. 

P. pt. 
p. q. 

Pt. 

Q. M. 

Pi. li. 


Fenestral ovalis. 

Frontoparietal. 

Glands. 

Horizontal Canal, 
hyoid. 

Infundibulum. 

Internal Ear. 

Lower anterior part of the process 
basalis. 

Lamina inferior cristae inter¬ 

mediae. 

Lower Jaw. 

Lamina superior cristaj inter¬ 

mediae. 

Maxilla. 

Opercular muscle. 

Cartilage. 

Middle Bar. 

Nasal. 

Nerve.. 

Ossified part of the otic capsule. 

Os en ceinture. 

Olfactory n(*rve. 

Ossifications in the cartilage. 
Ossified solum nasi. 

Ossified septum nasi. 

Ossifications in the trabc^culae. 
Paraquadrate. 

Cartilaginous connexion. 
Parasi)henoid. 

Union of tlie prechoanal sac and 
the buccal cavity. 

Opening of prechoanal sac into the 
buccal cavity. 

Prechoanal sac. 

Buccal cavity. 

Premaxilla. 

Pars media plectris. 

Process oticus. 

Processus pterygoideus. 

Processus quadratus. 

Pterygoid. 

Quadratomaxillary. 

Kecess lateralis. 


8 


F 
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B. m. 

.. Kecess medialis. 


8. 

.. Operculum. 


8. G. 

.. Glands. 


8.M. 

.. Septomaxillary. 


8. N. 

., Solum nasi. 


8. Na. 

.. Septum nasi. 


T. A. 

.. Antorbital Process. 


T. C. 

.. Transitional cartilage 


T. B. 

.. Tuba Eustachi. 


T. N. 

.. Tectum nasi. 


Tr. 

.. Trabeculae. 


T. 8. 

.. Part of antorbital cartilage. 


U. A. Ba. 

.. Upper anterior part of process basalis. 


V. 

.. Vomer. 


Vu. 

.. Vestibule. 


W. 

.. Wulst. 
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INIRODUCTION. 

During the early part of last year Professor C. J{. Karayan 
Eao suggested to me that it would be worth while to work 
out the osteology of an Indian Teleost. The snake-headed 
ftsh Ophiocephalus has a very wide distribution throughout 
India and is easily available for class work in any of the 
colleges. Ophiocephalus striatus has been chosen for study 
on account of its large size and it may be pointed out here 
that there is not any fundamental osteological difference between 
this and the members of other species. The author deals 
only with the study of the skull of Ophiocephalus in the present 
communication. Ophiocephalus resembles Scomber consider¬ 
ably in its cranial organization. 

Cranium. 

The cranium is, more or less, compressed and slopes, 
on the upper side, from behind forwards. It is broad in the 
posterior region and tapers anteriorly. The bones on the 







CUAMAI. OSTKOIAXiV OF ( )]Mn A IJ S S'UJIA'll S 

<l()rsal surfa(‘(‘ are tiat, broad and aro (‘oinpacdly arti(*ulat(*d 
with OIK* another. T1k\v an* sculptiir(*d with liiK* radiatini* 
ridj»‘(*s and an* snp(*rlicial b(*in^ covcn*d ova*!* ])y ni(‘i*(* scal(*s. 
lh)st(*rior to tin* su])raoccipi1al bom* the (*raniiini .slo])(‘s back¬ 
wards ^?ivin^^ attachment to tin* trunk muscles. Then* are 
t wo (*pioti(* lanK*lla* and a small snpraoc(*i])ital j)roc(*ss. The 
paTas|)h(*noid axis is straight (*xc(*pt loi* a short aiit(*rior 
di*tl(*ction of the* vonu‘r. 


In tin* rthmoid m//o>/ the m(*dian thick snjfrarlhvtold 
(mesi*thmoid) si*])arat(‘s c,omplet<‘ly the two lat(*rally situated 
ei*t(*thmoids. Tin* supra(*thmoid is \a*ry jioorly ossiti(‘d and 



Fig, 1. 

The Skull of ()l^JiiocrpJuiliis slriiitUs^. 


much of the cartila^i* exists in tin* middh* r(*i>ion of tin* bom*. 
The anterior portion is roumh*d and tits into a notch on the* 
dorsal surface* of tin* vomer. It articulates ])oste*riorly with 
the* frontals and ventrally with tlu* ]>arasphenoi<l. Kacli 
ecUthmoid is ])ierc(*d by tin* olfactory m*rve and the olfae'tory 
bulb will be situat(*d just in front of tliis op(*nin^i'. It has 
articailar surfaces for the* ])alatim* and tlu* la(*rymal. Tlu* 
])ost(*ro-dorsal portion of this bom* arti(Mdat(*s with tlu* ant(*rior 
end of the frontal. On (*ither side of the sui)ra(*thmoid am’ 
opening post(*rolaterally is a deep, distinct recess formed parti, 
by this bone and partly by tlu* <*ct(*thmoid. These an* tlu* 
“ant(*rior myodomes ’ which lod^e ami <j:ive attachment to 
the (d)li(iu(* muscles of the eye. On tlu* ventral ])ortion of the 
(*thmoid n‘^ion is a prominent rorntr which <*xtends in front 
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of the supraethmoid.* The broad anterior portion of tlie 
bone is toothed and it tapers to a point post(»riorly by which 
it fits into a notch in the parasphenoid. 

Posterior to th(‘ ethmoid re^on is the sphenoid region 
of the (*raninm. Here, the orhitmphenoid is absent. Hence 
there is no (cartilaginous or osseous int(*rorbital sc^ptiim. Tlie 
orbits are in wide communication witli each other in a dry 
skull. Th(* ftNprasphenoid has the characteristic Y shape. 

Th(‘ shank of the Y 
which r(\sts on the^ 
paraspjienoid is thick 
and short and sends 
out dorsolat(‘rally 
two arms whiidi are 
broad and each is 
divided into an an¬ 
terior and a posterior 
portion. The anterior 
portion articulates 
with the alisplienoid 
and the posterior 
with the prootic of 
that side forming a 
tubular passage (Fig. 
(>) for the recti rnus- 
(cles of the eye as 
they pr()C(‘ed to th(c 
post (*rior myodome. 
The floor of this 
passage is formed 
Fig, 2. by the parasphenoid. 

The dorsal view of the cranium of Ophiocc/yhalits Th(* alisphcnoid8 ar(‘ 
striatHs. Small and form the 

side walls of the 

cranial cavity above tin? suprasphenoid and in front of the 
trigeniino-facial foramen. They articulate laterally and poste¬ 
riorly with th(c prootics and above with th(‘ frontals. Th(‘ 
sphenoties are flat bones on the dorsal surface outside the 
frontals and in front of the sciuamosopterotics. It has no 
direct otic relationship. The chondral portion of th(» bone 
lies immediately over the recess (in the prootic) which lodges 

♦The vomer and the paraaphenoid belong, strictly, to the buccal series 
but siiKJC they are firmly unitetl with the cranium they are treated here. 
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the ampulla of the anterior semieireular canal. The dermal 
part lodges a portion of the lateral line canal. On the outer 
surface of the hone is a concavity which is the anterior 
portion of tlu^ (cranial arti(*ular facet for th(‘ hyomandibiilar. 
The parasphenoid is a lonj; bone broad in the middle and 
narrow at. the two ends. Tt extends from th(‘ voukt as far 
back as tlu^ vc^rtebral articuilar surface of the basioccipital. 
On the posterior half of the bone there is an oval toothed 
area (Fi^?. 3). 


. 




- 




- Z^o. 


The 

the 

is, 


The auditory region 
of Ophiocephalus has 
undergone consider¬ 
able moditication. The 
prooties ar(‘ v(‘ry large 
bones. Each extends 
from the (‘xoccipital 
almost to t he anterior 
end of th(‘ alisplienoid 
and on the upper side 
it forms the lower 
boundary of t he arti¬ 
cular faced, for the 
hyornandibular. 
out(T wall of 
auditory capsule 
more' or less, ce)m- 
plete'ly formeel by the 
prootic, the ot her e)tie*. 
bones being exe’luded. 
The pre)e)tie‘. is pushed 
out ventrolate*rally to 
form a prominent 
auditory bulla. Exter¬ 
nally the're is a thick 
process which extends dorsolaterally from abe)ut the rnieldh' of 
the bone, lle^re, some amount of imossilied e*.artilage‘ is present. 
The anterointe'rnal pe)rtie)n e)f the be)ne is pierced by a fairly wide 
opening which gives passage to the trigeminal and the palatine 
branch of the facial nerve. Immediatc'ly posterior to this 
is a smaller opening through which passes out the hyomandi- 
bular branch of the VII nerve. Internally the bone sends 
inwards a small, thin lamella over the parasphenoid which 
meets a similar fellow of the other bone in the middle region. 



Fig. 3. 

The ventral view of the cranium of 

Opliioccplialns stria!us. 
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forming- the roof of a deep rec(‘ss. This recess is the posterior 
myodome which lodges and gives attachment to some of the 
recti mus(^les of th(‘ eye. The inner surface of the bone in 
the anterior portion is vacuolated. TIk^ interior of the auditory 
bulla is spacious and smooth and lodges 1,he sacculus. There 
is a large oval ear ossicle. Slightly posteredorsaJ to the tri- 
geniino-facial foramen there is a recess which lodges the 
anterior portion and th(‘ ampulla of the anterior semicircular 
canal (PMg. 6). The external semicinnilar canal is direc.tc^d 
upwards posterolaterally and passing through the epiotic, 
(uirves round anteriorwards and traverses through tlu^ chondral ' 
portion of the squamosopt(Totic and finally enters'the auditory 
capsule through an opening situatcnl in the proot.ic posterior 
to the recK'ss of the anterior semicircular canal. The arnpullse 



Fig. 4. 

The side view of the cranium of Ophiocephalus striatus. 


of these two canals an* close to each other. The posterior 
semicircular canal is ])ressed between the sacculus and the 
inner wall of the auditory bulla. The impression of this canal 
and its ampulla can clearly be. seen on the inner surface of the 
ear ossicle. The internal carotid artery passes forward 
over the posterior half of the parasphenoid between its two 
lamellae and just below the auditory bulla divides into two. 
The outer branch piercers the prootic in front of the auditory 
bulla and enters the trigeniino-facialis chamber, while the inner 
branch opens into the cranial cavity lateral to the mouth of 
the myodome and pro(^eeds to the orbit of that side. 

Trigemino-facialis Chamber (Figs. 3 & 4).—The thick 
dorsolateral process of the ])rootic encloses a short horizontal 
canal with a wide anterior and a narrow posterior opening. 
Allis describes this as the “ Trigernino-facialis chamber” in 
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ycombor scomber. The trigeminal and tlie palatine branch 
of the VTT nerve (emerge out of the cranium through the anterior 
opening and the hyomandibular branch of the VII througli tlie 
posterior opening of tliis chamber. And also the jugular vein 
{vena eapitis lateralis) passes through the chamber. It is ty])i- 
eally developed in the higluT T(0eostomi (Goodrich). 

The Myodome. —The anterior myodom(\s have already 
been described. The posterior myodome* (Kig. h) is roofed by 
the i)rootic lamelhe and floored by the parasphenoid. It has 
a wide anterior opening and is closed behind. The hypoidiysis 
of the brain lies just in front of the opening of the* myodome. 
The anterior rectus muscle is attach(*d to the antcTior portion 

of the suprasphenoid while* 
the e)theT three*—posterie)r, 
superior and infe*rior—recti 
pass be‘ne*ath the sui)rasphe- 
noiel-])root ic bridge anel ente*r 
the myodome. 

The .squamosopterotic is a 
flat bone at the* postereflateral 
e*()rne*r of the cranium. It is 
considerably pusheel outside 
anel is exeduded fre)m the 
cranial e*avity. The* lower 
chonelral part contains a 
peirtion e)f the* (*xte*rnal se*mi- 
circular canal anel the u])i)er 
dermal part contains a pe)rtie)n e)f the late*ral line e'anal. 
The oute*r surface* of the bone possesses the posterior portion 
of the articular fae*-e*t for the hyomandibular. Tflie* epioties 
are alse) pusheel baehwards anel elo not contribute to the* wall 
of the cranial cavity. Rach is situateel betwe(*n the* squamos- 
opterotic and exe)ccipital and be*hind the parietal and supra- 
occipital. A portion of the external semicircular canal passes 
through this bone. It sends out a thin lamella posterointer- 
nally which gives attachment to the trunk muscles. The 
opiffthotic (Figs. 3 & 5) is a very small vestigeal bone situated 
on the ventral side at the posterolateral ce)rner e)f the epiotic. 
It has a small articular facet on which the reduced lower limb 
of the i)Osttemporal articulates. 

On either side of the cranium and situated slightly postero- 
dorsal to the auditory bulla is a wide shallow fossa which by 



Fig. S. 

The posterior view of the cranium of 

Opliioccphalus striatus. 
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its position can bo tormed the ‘‘ Subtemporal fossa ” (Fig. 3). 
It is roofed over by the supraoeeipital, epiotic and the squamos- 
opterotie. The subtemporal fossa along with a lamella of 
the hyomandibular forms t he wall of the seeondary air breath¬ 
ing ehainber of the fish. 

The dorsal surface of the o<‘rlf)ital region sloj)es back¬ 
wards and inw'ards and gives attaelinumt to the anterior 
end of the trunk musehvs. The supraoeeipital is shifted 
considerably forwards and it roofs th(' cranial cavity 
above the posterior myodome. it has a thin, small 
supraoeeipital process. It sends out on either side a 
thin lamella which meets similar ones, uridcTiieath the 
parietal, from the squamosal and the epiotic. Tliese thre(‘> 



Fig. 6. 

The median view of the bisected cranium of OpJiiocephalus strial us. 

lamellae are separated from one another by a thin stri]) of car- 
tilag(‘. Th(* exoeeipitals arc long and in(‘ct cadi other a long 
distance on the dorsal side. They do not meet btdow the fora¬ 
men magnum. The foramen magnum is long and tunnel-like 
the door of which is form(»d by the basioeeiiiital while tlu^ rest 
of its boundary being formed by iho exoeeipit als. Each pre¬ 
sents laterally a thick oval seeondary vertebral articular sur¬ 
face (Figs. 4 & 5). On the anterior jiortion of the bone \hovo 
ar(» the glossopharyngeal and vagus foramina, whih^ in tin? 
hinder region by the side* of the articular process is a (single 
or sometimes divided) foramen for the hypoglossal nerve. The 
basioccipital is thick and presents posteriorly a large oval con¬ 
cave articular surface for the vertebral column. The cavum 
eranii in front of the supraoeeipital is roofed by t wo large fron- 
tals. Behind the frontals and on either side of the supraocci- 
pital is a dat parietal. The parietals are completely separated 
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by the supraoccipital. The cranial cavity is wide in the hypo¬ 
physial region and narrows forwards and backwards. 

The cranium, in general, is fairly well ossified except- for 
the supraethmoid and the interior of the s[)henoid and the 
otic bones which remain incompletely ossified. There are thin 
strips of cartilage between the cartilage bones in the posterior 
portion of the cranium. 

2. Lateral Line System, 

The lateral line canal from the y)osttemporal enters tin* 

The inner branch 
is very small and 
passes to the 
pari(dal for a short 
distance and the 
out(*r branch en¬ 
ters the sqiiamos- 
opterotic and im¬ 
mediately branch¬ 
es into two, the 
outer descending 
into the preoper- 
eiilar enters the 
mandible forming 
th(‘ ])r(*op(Tciilar- 
m a 11 il i b ii 1 a r 
branch and tln^ 
inner branch proceeds forwards and pass<*s through tlie 
sphenotic. Immediately in front of the sphenotic it- again 
divides into the outer-suborbital branch which passes tlirough 
the suborbitals and the inner supraorbital branch which (uiters 
the frontal. In the anterior portion of the frontal it divides 
again, the innt^r branch meets in the middle line a similar 
fellow from tlu» other side and the outer procecMls anterior- 
wards, passes through the nasal and opens to the exterior. 

d. Temporal and Preopercular Series, 

The supratemporal is a thin looser tubular bon(‘ situated 
partly on the posterior portion of the squamosoiiterotic. The 
posttemporal is also a loose bone with athinepiotic limb and a 
very small lower limb by means of which it arti(*ulates with the 
opisthotic. There are no subtemporals. The preoperculuw 
is thin, long and curved and articulates with the symplectic 
and the quadrate. 


loose supratemporal and divides into two. 



Fig. 7. 

The palatoquadraie bar, hyomandibular and the 
prcopeiculuni of Ophioccplialus striatus. 
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1. arc lUH orb Ital Serirs . 

This C'orivsists of fivo sniall suborhitals and t.ho antoriornlost 
lacrymol 1). Th(‘ latter is lonj^ and articulates on the 

eetc'thiuoid. They are tubular and ea(*h eontains a])ortion of 
the suborbital braneb of the seiiory eanal. The are fairly 

broad and exteinl slifjhtly in front of the supraethnioid. Each 
eontains the anterior part of t.he supraorbital braruih of tin" 
S(‘nsory eanal. 

5. Maxillary Seriffi (Fij?. 1). 

The maxillaxies are edentulous and do not form the margin 
of the up[)(‘r jaw. Tli(»y are long curved bones w'liii'h are pos¬ 
terior and parallel to tln^ pnunaxillarii^s. It is tlat- at the pos¬ 
terior end. Th(^ anterior portion is thick with two knobs by 
whi(di it is attii(*h(Hl to t.he lateral side of tlu' anterior process 
of the ])remaxillary by means of ligament. Just outside the 
anterior end it is connect(Ml with tlu^ palatine by another liga¬ 
ment. 

T\io premaxillaricfi form th(‘ eom])lete margin of the upper 
jaw. Th(*y an' also long, curvi'd and fairly flat boiU'S. The 
anterior end of each is thi(‘k and it bc‘(*omes gradually thinner 
and flexible (tibrous in nature) towards t.he posterior end. The 
whole of its ventral siirfa(*e is cover(Hl with tine, sharj), curved 
teeth. At the anterior end is a dorsoposteriorly directed pro¬ 
cess which is divided into two portions, the inni'r articulating 
with the uppi'r surfa(*e of th(' supraethmoid and the outer on 
the vonuu*. Tlu' premaxillaries are attached in the' middle to 
each other by thick ligament. The pn'inaxillaru's, with the 
maxillaru's, is (‘apable of certain amount of upward and 
downward movement, on the ant-i'rior face of the cranium. 

(>. PalaUniuadrair-hyomandU^ Serieff (Fig. 7). 

The ant(‘riormost elenu'nt of the ])alatoquadrati' bar is 
the palatine which is fairly broad in tin' anterior iiortion and 
tapi'rs post(*riorly. Tin* ventral surface is cov(*r('d with sharp 
curved teeth. The bone is thi(*k on the u])per sid(' of the an¬ 
terior portion and sends out an anterior process which tits over 
the maxillary of that side. Just outside this process is a knob 
which givi'S attachni(*nt to the ligament that conneids this 
bom' with the maxillary, ib'tween tlu'Se two is a notch which 
fits over the anterior portion of the ectethmoid. It is attach¬ 
ed on its upper portion to th(‘ thin lowc'r margin of the ento- 
pterygoid and on its posterior end with the ectojitt'rygoid. The 
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entopterygoid is a thin lancet-shaped bone. It articulates 
anteriorly with the palatine, ventrally with the eetopterygoid 
and posteriorly with the metapterygoid and the quadrate. The 
eetopterygoid is thick rod-like and is situated between the palatine 
and quadrate and below the entopterygoid. The metapterygoid 
is a large bone situated over the quadrate in front of the sym- 
plectic. It sends out a flat and fairly thick process anterodor- 
sally which clearly articulates on the ventral portion of the 
frontal just in front of the sphenotic. The upper margin of 
this process is incompletely ossified. It could, more or less, be 
regarded as the ‘ basal process But the topographical rela¬ 
tions of this process and the ^ processus aseendens ’ of Dipnoi 
and Tetrapoda, with tlie nerves and blood vessels, are exactly 
identical. Discussing about the latter Goodrich says “ Yet 
another im])ortant process is present in Dipnoi and Tetrapoda. 
It IS the processus aseendens typically developed from the ptery¬ 
goid region of the palatoquadrate bar, near the origin of the basal 
process as a dorsal cartilage passing vertically upwards between 
the profundus nerve and the maxillary branch of the trigeminal, 
and laterally to the vena capitis lateralis. Its upper end fuses 
with the orbital wall of the cranium in Dipnoi. It is found 
neither in chondrichthyes nor in the modern Teleostomi except 
possibly as a vestige. Whether it 0 C(*urred in early primitive 
Teleostomes is uncertain.” The metapterygoid process of 
Ophiocephalus is also situated just outside the vena capitis lateralis 
between the profundus nerve and the maxillary, mandibular 
branches of the trigeminal. The upper portion of the metaptery¬ 
goid is overlapped by the thin anteroventral margin of the 
hyomandibular. It is separated from the quadrate by a strip 
of cartilage. The quadrate is, more or less, triangular, the ven¬ 
tral apex forming the thick articular surface for the mandible. 

The pterygoquadrate bar is attached to the cranium pos¬ 
teriorly through the hyomandibular. The upper articular 
portion of the hyomandibular is thick and rod-like and is 
covered with cartilage both dorsally and at the two ends. The 
anterior end fits into a notch in the sphenotic while the posterior 
tip gives articulation to the operculum. There is a thick ill 
ossified ventrally directed portion on either side of which the 
bone is very thin. There is a thin, large lamella developed 
on the inner side of this portion of the bone which forms the 
anterior wall of the accessory respiratory chamber. The hyo¬ 
mandibular branch of the VII nerve passes from the inner to 
the outer surface of the bone. The hyomandibular is separated 

10 F 
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from the symplectic by a thick piece of cartilage. The 
symplectie articulates anteriorly viith the metapterygoid and 
ventrally with the quadrate. Posterior to the hyomandibular, 
symplectic and the quadrate is the long preopercular which 
has already been described. 

7. Mandibular Series (Fig. 1). 

The lower jaw consists of the articulare by which it arti¬ 
culates with the quadrate, a highly reduced, small angulare 
attached to the posteroventral corner of the articulare and a 
well-developed dentary. The two dentaries are connected? 
with each other at the symphysis by means of ligament. The 
upper surface of the dentary is covered with sharp curved 
teeth. At the inner margin are few big canine teeth. 

8. Opercular Scries (Fig. 1). 

There are all tlie three bones—operculum, suboperculum 
andinteroperculum. They are large, thin bones. The operculum 
is articulated on the hyomandibular. The suboperculum is 
just behind the operculum. The interoperculum is connected 
by ligament internally to the epihyal and anteriorly to the 
angular. 

Here 1 desire to express my gratitude to Prof. C. li. 
Narayan Kao, Hr. A. Subba Kao,* Dr. B. K. Das and Prof. 
M. Sesha Iyengar for their kind help and encouragement. I am 
also thankful to my friend Mr. T. K. Doreswami for his help in 
the preparation of the drawings. 

SUMMARY AND CONCLUSION. 

1. Ectethmoids are separated completely by the supra- 

ethmoid and are pierced by the olfactory nerves. 

2. Vomer is large and extends in front of the supra- 

ethmoid. 

3. Orbitosphenoid is absent. 

4. There is no cartilaginous or osseous interorbital 

septum. 

6. The characteristic Y-shaped suprasphenoid is pre¬ 
sent. 

6. There are two anterior myodomes and a posterior 

myodome. The latter is closed behind. 

7. The trigemino-facialis chamber is present on the outer 

wall of the cranium, 
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8. There is a remarkable development of the prootics 

which form almost completely the outer wall of the 
auditory capsule, excluding the other otic bones. 
There are well developed auditory bullae. 

9. The squamosopterotics and the epiotics are pushed 

out considerably and are excluded from the wall 
of the cranial cavity. 

10. Opisthotic is very small and vestigeal. 

11. Supraoccipital separates the parietals completely. 

12. There are large subtemporal fossae. 

13. Foramen magnum is long and tunnel-like. 

14. The exoccipitals are not separated by the supraoccipital 

and they do not meet below the foramen magnum, 
the floor of which is formed by the basioccipital. 

15. Parasphenoid is long and possesses an oval patch 

of teeth. 

16. The supratemporal is a loose, small, tubular bone. 

17. The suborbital ring is complete with the suborbital 

branch of the seiiory canal. The nasals are fairly 
large extending in front of the supraethmoid. 

18. Edentulous maxillaries which arc excluded from the 

margin of the upper jaw and the flexible and fibrous 
nature of the outer ends of the premaxillaries. 

19. There is a metapterygoid process which articulates 

with the cranium. 

20. Ilyomandibular has a broad inner lamella. 

m ^ * 

Though Ophiocephalus striatus exhibits certain primitive 
features it is highly specialised in several points of its cranial 
anatomy. The archaic characters arc the inefficient ossifica¬ 
tion of certain parts of the skull, toothed vomer and para¬ 
sphenoid and the superficial nature of the roofing bones. The 
parasphenoid teeth have already disappeared in Ophioce¬ 
phalus punctatus. Among the specialised features are the 
complete separation of the parietals by the supraoccipital, 
the development of exoccipital condyles for the secondary arti¬ 
culation of the cranium with the vertebral column, the pre¬ 
sence of well-developed trigemino-facialis chamber, the de¬ 
velopment of large shallow subtemporal fossae, the enormous 
development of the prootics, the exclusion of other otic bones 
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from the cranial cavity, absence of orbitosphenoid, the small 
vestigeal opisthotio and the edentulous nature of the maxil- 
laries which do not form the margin of the upper jaw. 
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ABBREVIATIONS. 


ALIS. 


Alispheiioid. 

ANG. 


Angiilare. 

AKT. 


Articiilare. 

AET. OP. 


Articular surface for the oper¬ 
culum. 

AU. BIX. 


Auditory bulla. 

BO. 


Basioccipital. 

D. 


Dentary. 

BCP. 


Betopterygoid. 

ECT. 


Ectethmoid. 

EPL. 


Epiotic lamella. 

EPO. 


Epiotic. 

EX. 


Exoccipital. 

EXC. 


Exoccipital condyle. 

fmg. 


Foramen magnum. 

PE. 


Frontal. 

HM. 


Hyomandibular. 

hypg. 


Hypoglossal nerve foramen. 

TOP. 


Tnteroperculum. 

LA. 


Lacrymal. 

MPT. 


Metapterygoid. 

MPT. PE. 


Metapterygoid process. 

MX. 


Maxillary. 

NA. 


Nasal. 

OP. 


Operculum. 

OPO. 


Opisthotic. 

p myo. 


Posterior myodome. 

PA. 


Parietal. 

PAL. 


Palatine. 

PMX. 


Premaxillary. 

po tf ch. 


Posterior opening of the Trige- 
mino-facialis chamber. 

PEEO. 


Preoperculum. 

PBO. 


Prootic. 

PS. 


Parasphenoid. 

Q. 


Quadrate. 

ras. 


Eecess for the anterior semi¬ 
circular canal. 
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rs. 

.. Eecessus sacculus. 

SBOR. 

.. Suborbital. 

sbt fo. 

Subtemporal fossa. 

SE. 

Supraethmoid. 

SO. 

Supraoccipital. 

SOB. 

.. Suboperculum. 

SOP. 

Supraoccipital process. 

SPH. 

.. Sphenotic. 

SQPTE. 

.. Squamosopterotic. 

ss. 

.. Suprasphenoid. 

SY. 

Symplectic. 

tf ch. 

Trigemino-facialis chamber. 

VO. 

.. Vomer. 

V & vir. 

Trigemino-facialis foramen. 

Vllh. 

.. Hyomandibular branch of the VII 
nerve. 

IX. 

.. Glossopharyngeal foramen. 

X. 

.. Vagus foramen. 
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INTRODUCTION. 

Eecent cytological studies in both Vertebrates and In¬ 
vertebrates have centred in the behaviour of the cytoplas¬ 
mic inclusions duringgametogenesis, especially the mitochondria 
and the Golgi apparatus. The behaviour of these inclusions 
presents a remarkable diversity even in forms closely related 
to each other, in the evolutionary series. Researches of King (1), 
Harvey (2), Nath (3) and others on Invertebrate oogenesis 
have demonstrated that the same cytoplasmic inclusion may 
not be responsible for any particular product of vitellogenesis. 
As shown by these authors, the albuminous yolk may arise in 
connection with either mitochondria or nucleoli; while fatty 
yolk always arises in connection with the Golgi, Harvey has 
observed that the former arises de novo and the latter elabo¬ 
rates albuminous yolk in the eggs of Careinus mmnas. Thus 
it is obvious that the behaviour of these inclusions is very arbi¬ 
trary. 

PREVIOUS WORK. 

The literature on the oogenesis of Sauropsida alone is 
considerable and in many respects unique. Recent investi¬ 
gations from this group have established two distinct types 
of Golgi apparatus. Brambell (4) working on the oogenesis 
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of the domestic fowl, Oallus banTciva, demonstrated for the 
first time two types of Golgi apparatus. Golgi type I, occurs 
in the oocyte proper in the region of the centrosx)here and Golgi 
type II, exists in the cells of the follicular epithelium. He also 
observed for the first time an infiltration of the second type of 
Golgi from the follicle cells into the oocytes at various stages 
of oogenesis. Simultaneously with the findings of Brambell, 
D. E. Bhattacharya (5) published his results on the behaviour 
of cell inclusions in the oogenesis of Testudo graeca and 
Uromastix hardwicicii, in both of which he finds that the Golgi 
bodies pass from the follicle cell in a manner similar to that 
described by Brambell in the fowl. 

Since then, Bhattacharya and his pupils have examined 
a number of vertebrate eggs and have reported the infiltration 
of Golgi bodies. Bhattacharya and Krishna Behari Lai (6) 
in their contribution to reptilian oogenesis have found that the 
eggs of certain Indian tortoises, the Golgi forms a clearly pola¬ 
rised mass. During development the Golgi bodies are scatter¬ 
ed about the cytoplasm and give rise to fatty yolk. The Golgi 
bodies found in the follicular epithelium migrate into the egg 
through the zona radiata. 

P. K. Bhattacharya (7) studied the origin, growth and 
distribution of Golgi in the oogenesis of the. house gecko and 
corroborated the findings of Bhattacharya and Lai. 

In the fishes the Golgi bodies infiltrate through the zona 
radiata very early in development (8). In advanced oocytes 
a gradual diminution of extrusion of these bodies is found 
until finally it ceases and the zona radiata becomes thin and 
more oijaque. In the later stages of oogenesis it is not pos¬ 
sible to distinguish between the follicular and ovarian Golgi 
bodies. 

The aim of this paper is to adduce additional evidence in 
support of the migration theory of the Golgi bodies from the 
follicular epithelium into the egg. An attempt is also made to 
indicate the manner and significance of this process. 

In this connection I wish to express my gratitude to Mr. A. 
Karayana Eao for the very numerous acts of advice and assis¬ 
tance he has given in the course of this work. 

MATERIAL AND METHODS. 

The ovaries of the locally available mud tortoise, Emyda 
vittataj were dissected in normal saline solution and the 
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following fixatives were employed. Bonin’s picro-formol 
followed by Heidenhain’s iron . hgematoxylin was employed 
for the study of the nucleus and nucleoli. Mannkopsch 
and Nassanov have been employed and the former, usually 
capricious in its results, has yielded very gratifying results (9). 
Ludford’s modification of osmic methods has also given 
good results (10). Paraffin sections were cut 5 to 7 microns 
in thickness. 

The ovaries are symmetrically disposed and placed far back 
in the abdomen. In the quiescent condition the ovaries are 
broad and variously folded. The surface of the ovary is raised 
up into rounded elevations and appear as so many white specks. 
These mark the position of the ova. Each ovary is attached 
by a peritoneal fold, mesoarium, to the sides of the vcrtebrse 
between the rectum and the oviduct. In the specimen measur¬ 
ing 14 cms. from snout to vent the ovary measured as follows: 
ovary 1.75 cms., width: anterior end 0.44 cms.; posterior 
end 0.5 cms. 


OBSERVATIONS. 

The early oocytes are provided with a cellular investment 
of a single layer of cells. The cells of the investment are very 
small with a nucleus corresponding to the size of the cell. The 
Golgi ill the follicle cells is difficult to make out under ordinary 
magnifications. With the growth of the oocyte the cells of 
the follicular epithelium grow into prominent cells each having 
a large nucleus. iJ^ext to the follicular epithelium is the con¬ 
spicuous envelope, zona radiata, pieced by numerous very fine 
canals which give it a characteristic radiate appearance. This 
envelope is generally very conspicuous in later oocytes. 

In young oocytes the elements of the Golgi apparatus 
are in the form of rods, rings and crescents. They are 
all very heavily impregnated with osmic acid. Following 
Brambell, I propose to call this type of Golgi, present within 
the oocyte Golgi type I. The behaviour of these elements in 
oogenesis is very characteristic. The apparatus undergoes 
remarkable changes and a complete dispersal of these elements 
in all directions takes place. 

Another set of elements which impregnates with silver 
and osmium but separate and distinct from similar bodies 
found in the oocytes can be distinctly seen in fairly advanced 
oocytes. These bodies are generally very close to the periphery 
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and show a remarkable resemblance to the entire apparatus 
seen within each of the follicle cells surrounding the oocytes. 
These bodies I propose to call Golgi type II. 

In very young oocytes the follicular lining consists of a 
single layer of cells. This second type of Golgi which presents 
a very characteristic network-like appearance is very small 
and impregnates less feebly with osmic than that of the cells 
surrounding the older oocytes (Fig. 1). At this stage the 
Golgi in the follicular cells is situated towards the pole of the 
cell away from the zona radiata. If the growth of the oocytes 
and follicle cells is followed the Golgi changes both in appear¬ 
ance and its topography. It undergoes marked hypertrophy 



Fig. 1. 

The follicle cells of a young oocyte showing the reticular Golgi type 11. 



Fig. 2. 

The Golgi type 11 undergoing hypertrophy and division in the follicle cells. 

The zona radiata is giving passage for the Golgi II. 

(Fig. 2) and travels towards the pole of the nucleus of the folli¬ 
cular epithelium near the zona radiata. While these changes 
take place in the follicular epithelial cells one can easily observe 
deeply staining Golgi rods in the form of a network much 
smaller but nevertheless identical with the apparatus found 
within the follicle cells in the peripheral regions of the oocytes. 

The marked similarity of these network-like bodies in 
the peripheral regions of the oocytes to those found in the 
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follicular epithelium, their simiiltaneous appearance with 
the marked hypertrophy and division of the follicular Golgi, 
together with my observations of preparations which show 
part of the Golgi type II within the follicle cells and part in the 
oocyte through the zona radiata, very strongly suggest and 
corroborate the phenomenon of infiltration of these bodies 
from the follicle cells into the oocyte. 

The migrated portions or parts of the Golgi type II are 
seen scattered round the periphery of the oocyte. The indi¬ 
vidual elements constituting the migrated portions of the 
Golgi type II are rod-shaped (Fig. 3). With the progress of 
oogenesis these structures break up and are distributed through¬ 
out the peripheral regions of the oocyte. 

The infiltration of the Golgi from the follicular epithe¬ 
lium is observed only in late oocytes. The marked hyper¬ 
trophy of the appa¬ 
ratus seems to be a 
Kp.c. necessary prelude 

for the migratory 
phenomenon. Actual 
transmission into 
the oocyte does not 
take place in isolated 
units as suggested 
Fig. 3. by Behari Lai nor 

Follicle cells in which the rod-shaped reticulate have I observed 

Golgi type II are seen. chains of migrating 

Golgi bodies such 

as has been reported by D. R. Bhattacharya in tortoises nor 
as described in birds and lizards by Datta and Das (11). 

In my preparations the Golgi of the follicular epithelium, as 
suggested above, is aggregated towards one pole of the nucleus 
of the follicle cell and the migration is generally restricted 
to one area of the oocyte and does not take place through¬ 
out the follicular covering. The Mannkopsch preparations 
show that this particular region is intensely affected by osmic. 
Subsequent to their entry to the peripheral regions of the 
oocyte the network breaks up and the individual elements are 
distributed throughout the egg. 

The changes in the Golgi bodies of the follicular epi¬ 
thelium become active and marked in certain stages and the 
onset of migration is noticed only in very late stages. An 
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early oocyte ^ith its surrounding layer of follicle cells shows 
hardly any trace of Golgi type IT. 

Eegarding the manner of migration I have observed the 
widening out of the radial canals of the zona radiata through 
which the Golgi migrates into the oocyte. My preparotions 
also show here and there a gradual thinning out of the zona 
radiata and one can observe in these areas the Golgi breaking 
through into the oocyte (Fig. 4). I have also found that 
the follicle cells in the neighbourhood of the region where the 
zona radiata has thinned out, are devoid of Golgi and dark 
bodies affected by osmic and identical in appearance to Golgi 
type IT are found in corresponding regions of the oocyte. These 
facts suggest that the Golgi must have intruded into the oocytes 
through the thinned out zona radiata lead to a legitimate but 
tentative suggestion that under the influence of the Golgi the 
membrane thins out to allow the passage of the Golgi into the 
oocyte. 



Fig. 4. 

Shows the disintegration of the zona radiata and a part of the Golgi II 
in the follicle cells and part in the oocyte. 


DISCUSSION. 

An examination of the literature bearing on the pheno¬ 
menon of migrations brings to light that this phenomenon 
is of very common occurrence in the majority of vertebrate 
eggs. Bhattacharya and his pupils (12) have demonstrated 
this fact in the Icthyopsida, reptiles and mammals while 
Brambell has shown that migration takes place in birds. It may 
be tentatively argued that this phenomenon must have a definite 
bearing on the metabolism of the egg. The eggs of all verte¬ 
brates below the mammalia are very large and the Golgi elements 
present in the oocyte before the migration from the follicular 
epithelium may not be sufficient to synthesise the requisite 
amount of the products of vitellogenesis. It is observed that 
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subsequent to the infiltration there is no means of distinguish¬ 
ing between the elements of Golgi I and Golgi II either by their 
morphological appearance or by their function. Both sets 
of elements behave similarly and give'rise to fatty yolk. It 
may be suggested that the migration of the follicular Golgi 
bodies into the oocyte may have the significance of augmenting 
the resources of the egg for vitellogenesis. But the infiltration 
of the Golgi in mammals whose eggs are small may not fit in 
with this suggestion but nevertheless must lend confirmatory 
evidence of the evolution of mammals from reptile-like ances¬ 
tors with meroblastic eggs in which the migration has become 
an established fact. However the phenomenon of migration 
of Golgi elements from the follicular investment into the oocytes 
of mammals is not universal and has not been reported from 
studies of primitive primates (13), but this will not invalidate 
the view suggested here that in the present, state of our know¬ 
ledge we could only explain this phenomenon in the mammalian 
egg on the basis of recapitulation that the mammals recapi¬ 
tulate their reptilian ancestry in the ontogenetic plienomenon. 

SUMMARY. 

1. The oocytes of TJmyda vittata show two types of Golgi 
bodies. Golgi type 1 is found in the oocyte and is juxta- 
nuclear in position. 

2. The follicle cells have a network-like Golgi very similar 
to the Golgi type 11 described by Brambell. 

3. The Golgi apparatus of the follicular epithelium 
migrates into the oocyte without breaking up into smaller 
elements. 

4. The migration is restricted to one area of the egg. 

5. The migration commences only in very late stages of 
oogenesis. 

6. The zona radiata which inhibits the free passage of 
Golgi undergoes certain changes ; the radial canals widen out 
and certain regions of the zona thin out. 

7. The thinning out of the zona radiata is tentatively 
suggested to be due to an enzymic action of the Golgi bodies. 

8. Both types of Golgi take active part in vitellogenesis 
and give rise to fatty yolk. 

The behaviour of the Golgi apparatus in regard to their 
migration is very similar to that described by authors referred 
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to in the earlier part of the paper. My observations show that 
the migration is restricted to certain stages of oogenesis and 
to particular areas of follicular epithelium. The form and 
manner of migration resemble to a very large extent a 
similar phenomenon described by Brambell. In their sub¬ 
sequent behaviour the follicular Golgi elements are even dis¬ 
tributed throughout the oocyte and structurally and func¬ 
tionally it is not possible to distinguish the two types of 
Golgi in the oocytes of the later stages of oogenesis. 
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4:6 DIHYDROXYISOPHTHALIC ACID. 

By H. S. Jois, B. L. Manjunath and S. Siddappa. 

{Department of Chemistry, Central College, Bangalore.) 

4:6 Dihydroxyisophthalie acid I was required for establish¬ 
ing the nature of one of the oxidation products of Psoralen 
isolated from Psoralea Corylifolia seeds (Jois, 
Manjunath and Venkata Bao, J. Ind. Chem. Soc., 1933, 10, 45). 
Eeference to literature showed that it was known only in the 
form of its dimethyl and diethyl ethers (Eykman, Bergema and 
Henrard, Beilstein’s Handbuch der Organischen Chemie, 4th 
ed., 1927, Vol. X, p. 554). Consequently experiments were 
undertaken to obtain the free acid to study some of its 
characteristics. 

Attempts were made to carry out Wurtz synthesis with 
the ethyl ester o/ 2: 4 dimethoxy-h bromobenzoic acid and 
chlororformic ester, but without success. It was also found 
that the above ester would not form the Grignard compound. 


4; 6 Dimethoxyisophthalic acid V was then synthesised 
starting with the dimethyl ether of j8-resorcylic acid II through 
the following stages; 
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Demethylation was effected by heating the substance with 
redistilled hydriodic acid (d., 1.7) in the usual manner. The 
identity of 1 thus obtained was established by the methylation 
of its dimethyl ester when the ester of V was formed. 

Experimental. 

Ethyl ester of 2:4 dimethoxy-6 hromohenzoic acid :— 
Colourless crystalline powder from dilute alcohol, m.p. 88.5° 
(Found Br, 27.8; requires Br, 27.7 per cent.). 

Dimethyl and diethyl esters of V :—Dimethoxy resorcylic 
acid II was converted into resacetophenone carboxylic acid 
III according to the method of Liebermann aud Lindenbaum 
(Ber., 1908, 41, 1613). Oxidation to 3 carboxy 4:6 dimethoxy- 
phenylglyoxylic acid IV (Eykman and others, loc, eit., p. 1038) 
was effected by alkaline permanganate solution (yield 50 per 
cent.). Conversion to V was accomplished by treatment with 
acidified permanganate. The yield was nearly quantitative 
when 1 g. of TV was dissolved in 20 c.c. of 5 per cent. NaOH, 
a slight excess of perhydrol added and warmed on a water- 
bath for an hour. M.p. of V, 266°. 

Dimethyl ester: Crystalline powder from dilute alcohol, 
m.p. 150° (Found C, 56.8; H, 5.5; requires C, 

59.6; H, 6.4 per cent.). 

Diethyl ester: Eectangular plates from dilute alcohol, 
m.p. 83.5° (FoundC, 59.3 ; H, 6.5; C^JIigO^requires C, 59.6 ; 
H, 6.4 per cent.). 

4:6 Dihydroxyisophthalic acid and its esters :—The de¬ 
methylation of V was effected by suspending it (1 g.) in freshly 
distilled hydriodic acid (d,, 1.7 ; 10 c.c.) and heating it at 130° 
for 15 minutes. It was then filtered, washed with water, cry¬ 
stallised from dilute alcohol and finally from water (yield, 60 
per cent.). 

Rectangular plates, m.p. 306° (Found 0, 48.5; H, 3.2 ; 
CgHyOo requires C, 48.5 ; H, 3.1 per cent.). 

Dimethyl ester: Colourless rectangular prisms from 
benzene, m.p. 147° (Found C, 53.3; H, 4.4; re¬ 

quires C, 53.1 ; H, 4.5 per cent.). 

Diethyl ester: Colourless rectangular prisms from ben¬ 
zene, m.p." 141° (Found C, 66.6; H, 5.4; C^JI^Po requires 
C, 56.7 ; H, 5.5 per cent.). 

11 


r 
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Methylation of I with methyl sulphate and alkali gave 
only the dimethyl ester, and no satisfactory result was obtain¬ 
ed by treating the dimethyl and diethyl esters with diazo¬ 
methane. The dimethyl ester dissolved in benzene was treated 
with methyl iodide and silver oxide. After refluxing for six 
hours benzene was distilled off and the residue extracted with 
ether. The ethereal extract was shaken up with very dilute 
alkali to remove unchanged phenolic ester. On evaporating off 
the ether, the residue on purification was found to be 
identical with the dimethyl e.ster of V. 



ON A NEW FOSSIL HYiENA. 


By 0. E. Narayan Eao, M.A. 

(Department of Zoology, University of Mysore, Bangalore.) 


The materials which form the subject-matter of this paper 
were collected in the Ariyalur area, Trichinopoly district, 
some years ago and for several reasons they could not be dealt 
with till now. During my visit to Calcutta in 1930 I was 
enabled through the courtesy of Dr. (1. B. Pilgrim to compare 
my specimens with the collection of fossil Hyaenas in the Geo¬ 
logical Section of the Indian Museum and I take this opportu¬ 
nity of expressing my gratitude to him for examining my mate¬ 
rial and for drawing my attention to the several papers on the 
subject. After going through the relevant literature and com¬ 
paring with known forms, I have come to the conclusion 
that the Ariyalur finds really include two species of Hyaena, 
one of which is new to science and which I have great plea¬ 
sure in associating with the name of Dr. Pilgrim and the other 
represents the species which Lydekker has already described 
as Hyaena crocuta (1) from a partially-worn left lower car- 
nassial tooth obtained from Kurnool. 

Writing about the Ariyalur specimens Dr. Pilgrim (2) ob¬ 
serves that “ early in 1930 Professor Narayana Eao of the 
Mysore University called my attention to two fragments of the 
palate of a Hyaena, which a party working under his direction 
had discovered in an almost denuded alluvial deposit in the 
Trichinopoly district of Madras. These fragments are the 
left maxilla containing P* P"* and the alveoli of P* & M* and 
the right maxilla containing the canine P* & P®. These arc 
as yet undescribed but these obviously differ greatly from 
the living Hymna hyaena and are referable to the genus Gro- 
cuta. Their precise affinities will no doubt be made known 
by Professor C. E. Narayana Eao in a paper which he has in 
contemplation.” 

” Since the age of the deposit is probably approximately 
the same as that of the Billa Surgam Cave fauna (Kurnool), it 
seems likely that the Mi from the latter deposit, which was 
described and figured by Lydekker (1886, Pal. Ind. (10), Vol, 
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IV, PI. VII, Figs. 13, 13a) under the name of Hycena crocuia 
may belong to the present species.” 

According to Lydekker the age of the Kurnool Cave Depo¬ 
sits is not newer than the Pleistocene and the fauna is assign¬ 
ed to the latter part of that period and is considered therefore 
as more recent than that of the Nurbuda beds. Describing 
the Cuddalore series Wadia (3) mentions that a great part of 
the Cuddalore sandstone is believed to be of Miocene age, but 
parts of it may be of newer horizons. These deposits rest 
unconformably everywhere on the older rocks of various ages, 
in one instance overlying the Ariyalur stage of the Trichino- 
poly Cretaceous”. From the evidence furnished by the evolu¬ 
tionary stage of the Siwalik fauna, the age of this system is 
believed to extend from the middle Miocene to the upper Plio¬ 
cene, and if Cuddalore deposits are definitely of the Miocene 
age, it is probable that they represent a parallel series of depo¬ 
sits approximately contemporaneous with the Siwaliks. This 
view is tenable provided the Cuddalore sandstones can be shown 
to contain mammalian and other vertebrate fossil remains hav¬ 
ing a strong Siwalik facies. It is true that several disarticulated 
and broken fragments of bones of Carnivora and Ungulata 
togther with their teeth have been obtained from Ariyalur 
and among those which c.an be identified, a few may ultimately 
be found to possess affinity with the Siwalik fauna though a 
greater portion of these remains are referable to the newer 
pleistocene period. Perhaps a more intensive collection of 
the fossil remains from the Ariyalur area will have to be made 
and studied, and some will have to be obtained together with 
the rock matrix, before a final decision of the age of the over- 
lying deposits of the peninsular cretaceous rocks could be 
reached. But it seems certain that the evidence available 
at present is far too meagre to enable one to refer the Ariyalur 
mammalian fossils to the (hiddalore sandstones occurring in 
this area or to the pleistocene beds which also occur in certain 
isolated tracts. The difficulty is due to the fact that most of 
our collections are surface pickings and till now no mammalian 
fossils have been reported definitely from Cuddalore sandstones 
and I should hesitate to accept the theory of Dr. Pilgrim 
that the age of the mammalian fossil-bearing rocks of 
Ariyalur is probably approximately that of Billa Surgam 
Cave of Kurnool. 

In commenting on the Ariyalur find and the lower molar 
tooth from Kurnool, Dr. Pilgrim suggests tentatively that they 
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both might belong to the same species and if Lydekker’s identi- 
lication of the Kurnool tooth is correct, then both these forms 
must belong to the living species Grocuta crocuta^ fossil remains 
of which are widely known from Pleistocene beds of Europe. 
In treating the Kurnool form as synonymous with tlie Ariyalur 
fossil Dr. Pilgrim makes no suggestion that the latter is a known 
form and the permission he has given to associate his name with 
this find is a definite indication that he considers it to be new, 
a conclusion at which T had arrived after examining the rich 
collection of fossil remains of Hya?nas belonging to the Indian 
Geological Survey. In 1931 two canines of Hytena were ob¬ 
tained from Ariyalur which differ from each other, one of them 
which is broken is slightly larger than the specimen examined 
by Dr. Pilgrim and the other which is entire, differs from the 
latter in almost every detail. The larger broken specimen 
presumably belongs to the Ariyalur species which is consider¬ 
ed to be new, and the more slender one I assign to the Kurnool 
form which is different and which 1 refer to Grocuta croenta. 
According to this view. South India was inhabited by two 
species of Grocuta in addition to Eywna hymna and while one 
species of the former genus has become totally extinct, the 
other Grocu^ta crocuta which enjoyed a very wide distribution, 
is still found living in Africa. 

Crocuta pilgrimina n. sp. 

The right maxilla represented in the collection is a small 
triangular piece of bone about 1.7 in. high and 1.3 in. long 
on the external surface. The socket for the canine is partially 
broken, thus exposing the greater part of the entire root of this 
tooth. The premaxilla together with the incisors is absent. 
The maxillo-palatine shelf is present in the form of a ridge 
running along the inner border of the maxilla, on this surface 
the bone measures 2 in. long and 1.6 in. in height. Above the 
palatine ridge, the maxilla is worn out into a deep oval excava¬ 
tion. The canine is robust, large, almost flat on the outer 
and inner surfaces. It measures along the anterior curve 76 mm. 
and is nearly elliptical in cross section. Thickness 13 mm., 
width at base of crown 22.5 mm., root pointed. The lateral 
compression of the canine is marked. The tip of crown slight¬ 
ly worn, pi is present though small; the surface is worn, 
the paracone more prominent than the other cusps. The proto- 
and metacones are less conspicuous, height merely equals the 
length and thickness is 7 mm. P2 well developed. Probably 
12 
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on account of the greater wearing of the cusps, the tooth has a 
quadrilateral appearance ^ still the prominent nature of the 
middle cone is obvious. The protocone and metacone are 
weak and lie on the inner side of the tooth. The length of this 
tooth is 10 mm., height of the crown 10 mm. and thickness 
11 mm. 

The left maxilla bears P^, P^ and P^ and pi is broken to 
the very base, (lose to P^ is the wide alyeolus of the canine 
wliich has dropped. P-^ and P^ are constructed almost in the 
same fashion. The middle cone is prominent and the pro¬ 
tocones and the metacones are poorly developed in both. P^ 
is 15 mm. long, 9 mm. high and 11 mm. in thickness. In the 
process of cl(*aning it has sustained a slight damage, but at the 
time of discovery, it was noted that the anterior and posterior 
cusps though not well developed, were present on the inner aspect 
of tlie tooth. is robust, distinctly conical, the paracone 
powerfully developed and of great height, the tip is blunt ; 
21 mm. long, 17 mm. high and 14 mm. in thickness. There 
is a fairly well marked cingulum, the protocone and metacono 
are poorly formed, the posterior cusp is better marked and the 
posterior is almost in a line with the main cusp and the an¬ 
terior possibly occupied the more inner aspect of the tooth. 
The inner surface of the tooth between the anterior and posterior 
cusps is distinctly flat and the outer nearly flat. The cingular 
shelf does not extend on the inner aspect of the tooth. In 
the X-ray photograph, no separate root is therefore made out. 
The elements of diverge markedly from those of Crocuta 
crocuta and Hywna hyema, P^ is longer (37.5 mm.) than the united 
lengths of P^ and (15 plus 21 =-36 mm.). All the cusps are 
practically in the same line and the tooth is certainly more 
internally situated than P-^ which is distinctly external in re¬ 
lation to it. The protocone is poorly developed, somewhat low 
and adjacent to the base of the parastyle, having a distinct 
root on which it stands. At the antero-internal edge the inner 
tubercle is fairly prominently developed. The metacono is 
much longer (16.5 mm.) than the paracone (13.5 mm.) but con¬ 
siderably lower. The portion of the maxilla bearing M series 
is wanting and so they are unknown. 

The broken canine figured separately resembles the entire 
tooth of C, pilgrimina. 

Locality. —Shendurai, Ariyalur, Trichinopoly district. 

Horizon .—^Possibly Cuddalore sandstone. 
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Crocuta crocuta Erxl. 

1886, Hjiwna crocuta Krxl. Lydokkor, Pal. Jnd. (10), IV, p.30. 

Lydokkerin doaliiiK with tlie fossil c*oll(H‘tions obtaiiKMi from 
tho cave deposits of Kiirnool, has deserih(*d a partially worn 
left lower earnassial tooth of Ilyama whieh lie idimtilied as 
that belonjjjin^ to Uywna crocuta (Crocuta crocuta). I hav(‘ 
(‘xaminiMl this speeiimm preserved in Ihe Indian IVIuseum (*ol- 
leetion and have noted its r(*seinblanee to the tooth of the livinj? 
spotted s])eeies of Jfyjena mot with in Afric'a. There is a ^^reat 
deal of diver^?en(*e between this tooth and the eorres])ondin^>: 
iipjxn* earnassial of tlu^ left maxilla of Crocuta pilyrimiua and 
for purposes of eomparison, 1 have rejirodiieed Lydekker s 
li»ur(L FurtluT eomparisons of the Ariyalnr specimen with 
the Europc^an fossils of (Uocuta crocuta will r(‘V(Mil S(‘V(*ral other 
])oints of dilTerenei*. 

LydekkiT has made a short note on a eaniiu^ rejiresentc'd 
in the Knrnool eoll(M‘tion and on aeeoiint of its imperfeet 
nature, has written t hat it may not improbably be rebured 
to the present speeies.” 

Tn our eolleetion tluuM* is a canine, belon^^injj: to the maxilla 
whieh undoubtedly is ref(‘rabl(‘ to Crocuta crocuta and diJTers 
from that of Crocuta pilgrimlua in several important jiarti- 
ciilars. I have <i»iven a representation of this tooth. It is 
more slender and l(‘ss arched. Th(‘Ariyalnr sinj^h^ canim^ tooth 
measures 712 mm, alon^? the anterior convex border, and 18 mm. 
at its greatest width. 

This canin(» togetluu* with the earnassial tooth from Kur* 
nool establishes that in South India towards th(‘ ])leistocene 
])(uiod th(U‘(‘ lived more than one speei(\s of Crocuta of which 
C. pilgrimina is by far the larg(u-. 

Locality. —Shendurai, Ariyalur, Triehinopoly district. 

Horizon .—Probably (hiddalon* sandstone. 

The types of the two species are preserved in the Museum 
collection of the University of Mysore. 
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Ri^ht Maxilla of ( rocuht pil</riminit. 
Outer view showing canine P* P-. 


Inner View. 








ON SOME STONE IMPLEMENTS FROM 
SOUTH INDIA—II. 


Ky K. iSRfPABA Kao, E.So. 
(Central College, Bangalore.) 


Ainoiig.st the relics of tlic Slone Age in Southern India 
we have a number of stone implements comparable to the 
(Miellean and Aelnmlean culture's of Etirope' but representatives 
similar to those of the Mousterian industry are rarely met with. 
In a i)ap('r eontribute'd to the Indian Science (’ongress (19.10) 
and subsequently juiblished in this Journal,* 1 have des(*ribed 
some intere'sting types similar to those of the late Aeheulean 
stage of Europe. It is the object of this paper to draw atten¬ 
tion to a few more implements showing a very close resemblance 
to the Mousterian types of the ('ontinent. 

The chief characteristic of the Mousterian tool is an eco¬ 
nomy of labour. “ Unlike Lower Pala'olithic Man, Mous¬ 
terian Man preferred to trim flak(*s taken off large nodules of 
flint for his tools, rather than fashion the cores into imple¬ 
ments, as had been the habit of the older civilizations. It 
should be carefully borne in mind that t his is by no means in¬ 
variable : there are implements made from flakes in Chellean 
times, and implements made from cores in Mousterian times, 
but as is obvious the making of implements from a large flake 
is a great saving of time, and as tin* Mousterian had learnt 
to strike off these larger flakes we find the great majority of 
the implements made from them."t 

In accordance with tin* characteristics of the Mousterian 
period the implements here described are fashioned out of flakes 
and are distinguished from the tools of the preceding stages 
by the peculiarity (hat they an* chipped on one side of the 
flake only, unlike the (Jiellean and the Aeheulean implements 
which an* trimmed over the whole: surface on both the sides. 
The bulb of percussion almost invariably found on the inner 
side of flint flakes is conspicuously absent from tin* quartzite 

* llalf-Ymrly .Journal of the Mysore Univcnily, Vol. IV, No. 2, p. 202. 

t M. ( . Burkitt, Prehistory, ]). 91. 
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flakes of which the implements (h^’scTibed are fashioned—this 
is probably a result of the difference in fracture betwecm the 
two materials. The implements were collected along with a 
number of others during the various g(‘ological excursions of 
the Central College, Bangalore. They consist of a typical 
Moust(Tian point from th(‘ south of Vilaungufly in th(' Trichi- 
nopoly district made of a brownish-looking (‘herty material : 
a borer and an arrow-head made of quartzite from the Alicoor 
Hills near Nagalapuram, and a coup dr poing and a lance Inuid 
made of quartzite from Biligere in the Ti])tur taluk, Mysore. 

On a ty])ological basis all these implements may be con¬ 
sidered to belong to a culture similar to the Mousterian of tlu* 
(Continent, sin(*e similar (environments engcnd(*r to a very large 
extent like requirem<*nts and cons(e([uently the ])roduction of 
similar types of tools, but no similarity in ag(e is nec(essarily 
implied. 

The descri})tions of the impl(‘nients ar(‘ accom])aiiied by 
])hotogra])hs and sk(‘tches. Tln^ words “iniuer" and “outer" which 
are freqinently used in describing the s})(‘cinu‘ns are to be und(er- 
stood as nderring to tho {)osition of tine flake when in its bed 
on th(‘ nodule to which it belongs. 

A Mousterian Point from the Trumiinopoly 
District. 

(No. Z. ()/32l. Plate 1, Figs. 1-5.) 

This specim(*n was picked up n(‘arly two miles south of 
Vilaungudy in the Trichinopoly district. It is roughly lamoo- 
late in shape and is fashioned out of a brownish-looking flinty 
chert. The specimen measures 2.9 inches in length, 1.8 
inches in width, and 0.75 inches in thickness and w^ughs 22 
ounces. The inner side is uneven and devoid of any signs of 
fashioning, but the outer is fashioncMl by a numb('r of individual 
llakings. There is a sort of an S-shap(*d ridge going from the 
pointed end to the opposite butt end formed as a result of th(‘ 
meeting of the flakings on (uther side of tin* specimen. One end 
islinely pointed and very sharp and the opposite end is obliquely 
truncated and nearly an inch in hmgth. The two sides of the im¬ 
plement an^ sharp as a r(‘sult of the incliniMi llakings meeting 
the inner side in a fine edge. Kviui the ridge is fairly sharp 
audit is disposed not in the median line but a little to one side. 
The longitudinal ridge in conjunction with the two sharp 
sides of the irnplennuit, give the point a sufficient keenm^ss. In 
cross section it is triangular in appearance, the three corners 
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of the triangle representing the three cutting edges of the im¬ 
plement. Since tlie butt end does not present any sharp edges 
or points, a convenient grasp of the implement is possible. 
Other similar im])lern(uits have been found in the same locality 
as well as near Hiligere in the Tiptur taluk, Mysore (Z. 0/292, 
z.0/;il2). 

^riie im])lemcnt Iktc described is very similar to the one 
known as the ‘ Pointe ' or the ‘ hand point ’ which is a charac¬ 
teristic. tool of the Mousterian culture of Europe. It is spear¬ 
headed in shape and chipped on one sid(‘ with a sharp 

ai)ical point. The base of the instrunuuit is as the detaching 
blow left, it, with an incipient bulb of percussion on the inner 
surface. It was probably used as a Javelin or ►Spc^ar head or 
as MM. Eouyssonie and Hard on suggest it may have been 
used for splitting bon(‘S in order to get at the marrow.* Ac¬ 
cording to De Mortillet's theory of the manner of using the 
Mousterian Point, which was held in the hand and not shaft- 
(Ml, r have given a drawing in Plate J, Eig. 5 for whicli 1 .Mm 
indebted to Prof. Osborn’s Men of the Old Stone Age,'\ 

Th(‘ specimen described shows a close resemblance to the 
one figured in Osborn’s Men of the Old Stone Age which is 
from the Crimea, in Southern Russia .J 

A Combined Burin and Racloir from Alicoor. 

(No. Z. 0/147. Plate II. Figs. 1-5.) 

The implement was found at the foot of the Alicoor Hills, 
north-east of A'agalapuram in the Arcot district. This area 
has afforded a number of very good Ijow(t Palaeolithic imple¬ 
ments made out of quartzilus of various colours like pink, 
red, grey and yellowish. The abundance of these implements 
in this area suggest that this site may have been a pala^olithh; 
station. 

The implement in question is fashioned out of a greyish 
brown fine grained quartzite and weighs ounces. It is 
beak-shaped in form and measures 2.9 incdies in length, 2.1 
inches in width and 0.6 inclu^s in thickness. The inner surface 
is very slightly concave and does not show any signs of 
retouch. The outer surface is covered by five well-defined 


* R. A. S. Macalister, Text-Book of European Archceology, Vol. I, p. 320. 
t H. F. Osborn, Men of the Old Stone Age^ p. 251, Fig. 129 (100). 
t Ibid., p. 251, Fig. 129 (103-104). 
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fiakings four of which are elongated quadrilaterals in 
shape and disposed marginally on the four Sides of the tool, 
two of the largest meeting to give rise to the pointed end of the 
specimen. The lengths of the four sides are 2,1 inches, 3.0 
inches, 2.0 inches and 1.1 inch. The fifth and the biggest 
of the chipped surfaces is pentagonal in outline (nearly 1.9 
inches broad) and is centrally placed near the butt end of the 
tool. In continuation of this flaked surface there is a triangular 
portion which also looks like a chipx>ed face but which is really 
the original surface of the quartzite. The pointed end of the 
implement is triangular in cross section, the three angles being 
the main sharp utilization edges. The butt end is obliquely 
truncated by a long and narrow rectangular facet, which 
lies comfortably in the hand without causing any hurt while 
using. The angle made at the pointed end by the two elongated 
flake scars is about 66 degrees. The sharp and pointed end 
certainly suggests a burin or borer ; and since one of the four 
sides has got a sharp edge it may also have been used as a sort 
of a side scraper or ' raeloir The implement described has 
a very close resemblance to some beaked gravers or burins 
figured in Burkitt’s Preliistory and has many points in 
common with a borer from ‘Yorkshire Wolds figured in Evans’ 
“Ancient Stone Implements of Great Britain,”t where he 
says : “It is formed from a flat splinter of flint, and sjiows the 
natural crust of the stone at the broad end. At the other, 
each edge has been chipped away from the flat face, so as to 
reduce it by a rapid curve on each side to a somewhat tapering 
blade with a sharp point.” The specimen described differs 
from the one'from the Yorkshire Wolds in having the point pro¬ 
duced as a result of the chipping away from the flat face, so as 
to reduce it by a straight lino instead of by a rapid curve on 
each side. “A borer of this kind makes a very true hole as 
whether turned round continuously or alternately in each 
direction, it acts as a h^lf-round broach or rimer, enlarging 
the mouth of the hole all the time it is being deepened by the 
drilling of the point. The broad base of the flake serves as a 

handle by which to turn the tool.A borer of this kind 

has been experimentally tried and found efficient for drilling 
a hole in jet.J The burins and scrapers are the commonest 
tools of the Mousterian period. 


♦ M. C. Burkitt, Prehistory, p. 340,-Part IV, Figs. 14 And 15. 
t J, W. Evans, Ancient Stone Imjjiements of Great Britain, p. 322, Fjg. 227. 
t Ibid., p. 322. 
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An Arrow-Head from the Alicoor Hills. 

(Z. 6/161. Plate III. Figs. 1-5.) 

This implement was also picked up in a nulla course at 
the foot of the Alicoor Hills, near Nagalapuram in the Arcot 
district. It is made out of a greyish-looking quartzite stain¬ 
ed dark reddish brown at the pointed end and weighs f of an 
ounce. In shape it is like a swallow tail, with incipient forking 
at the end opposite the pointed end of the tool. The length 
of the specimen is 2.6'', width l.l' and thickness ^ an inch. 
The inner surface is concave and curved and devoid of chipped 
or flaked surfaces. The outer surface, on the other^hand, is 
covered by four distinct flakings two of which are laterally 
disposed and elongated trapezohedrons in shape, meeting in a 
central longitudinal sharp, straight edge nearly 1.4 inches 
in length. The other two chipped surfaces are triangular in 
shape and placed one at each end of the implement. The 
longer of the two trapezohedral flaked surfaces together with 
one of the triangular ones gives rise to a sharp and pointed 
end, like that of an arrow, while the other triangular facet 
is placed opposite and has its base partially incurved giving it 
a sort of a swallow tail appearance. The inner surface of the 
tool presents a trapezohedral outline with the sides measuring 
2.6", 1.6", 1.3", and 1.1". This surface in conjunction with 
the outer chipped faces gives the implement a sharpness on 
all the four sides. The cutting edges are formed by the surfaces 
meeting at an average angle of 37 degrees. The point of the 
specimen is not quite sharp, probably a result of use, or it may 
have been subsequently blunted by natural agencies. The 
implement is triangular in section across the middle, the three 
angles being the sharp cutting edges of the instrument. The 
shape of the tool, with its pointed end and sharp cutting edges, 
obviously suggests an arrow-head which has to be used with 
a small shaft. The probable way of shafting the arrow-head 
is suggested in Fig. 5, Plate III. This method of shafting is 
very commonly made use of as it does not involve any elaborate 
requirements. ♦ 

The implement described resembles the one figured in 
Evans’ “ Ancient Stone Implements from Great Britain ’'f 
and Burkitt’sJ “ Prehistory”, although these are supposed 

♦ J. W. Evans, AncierU Stone Implements of Great Brita%n, pp. 408, 409, 
Figs. 343, 345. 

t Ibid , p. 325, Fig. 232 F. (From the Vindhya Hills). 

t M. 0. Burkitt, Prehistory^ p. 336, Plato II, Figs. 9 and 10. 







114 


K. Sripada Eao 


to be either end scrapers or burins. Those referred to by Dr. 
Evans in his book are, he says, “found in some abundance on 
tlie Vindhya ITills and the Banda district, India.”* 

A Lanoe-Head from Kibranhalli, Mysore. 

(Z. (i/448. Plate LV. Figs. 1-5.) 

This implement is lanceolate in shape (leaf-shaped), with a 
distinct point and tang or stem. It is fashioned from a brown¬ 
ish-looking quartzite and weighs nearly 4J ounces. This was 
found in a small nulla course at the foot of a quartzite hill, 
in Kibbanhalli, Tiptur taluk, Mysore. As a result of water 
action the whole spedmen is smoothened and Die boundari(‘8 
between the different chipped surfaces are not v(‘ry promimuitly 
seen. The dimensions of the tool are:—Length (.O'", width 
2.0'' and thickness 2 of an inch. 

The inner surface is concave and unfasliioned as in the 
majority of the Moust(‘rian implements. The outer surface 
on the other hand is composed of a number of llakcnl faces, tlu‘ 
biggest and the most prominent of which is longitiulinally dis- 
pos(Ml in tin* median line from point to the tang or stem. The 
marginal flakings are smaller and closely set but. as a result 
of water action the boundaries between the individual facets 
are worn out and a bit hazy. The sides of the imphunent are 
sharp and the end opposite the lance point is truncated by an 
obliquely flaked face 0.9 inches in length. There is a fairly 
distinct stem or tang nearly | of an inch in length, opposite 
the pointed end. The point of the lance seems to have been 
blunted by use. The leaf-like shape with the sharp edges 
and point and the stem or tang unquestionably suggest a lance- 
head intended for hafting. The most probable way in which it 
may have* been hafted for use is suggested in Fig. 5 in Plate IV. 

The implement described has a very close resemblance 
to the one figured in Osborn’s Men of the Old Stone Age,’\ and 
another from Sollas’ Ancient Hunters.% Also Fig. XIV (1) 
and (2) in Burkitt’s South Afrija's Past in Stone and Paint.\\ 

Other implements similar to the one described are found 
in the same area (Kibbanhalli) and also in Vilaungudy in the 

* J. W. Evans, Afwient Stone Imjdemeiits o} (treat Britain^ p. 232. 

t H. F. Osborn, Men of the Old Stone Age, j). 15, Fi^. 4. 

i Sollas, Ancient Hunters, p. 204, Fig. S. 

;i M. C. Burkitt, South Africa's Past m Stone and Paint, p. 85, Fie. 
XIV, 12. 
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Trichinopoly district (Z. 6/729, 321). ‘‘ Such an identity 

of form at places ^eo^rapliically so remote does not imply any 
actual communication between those who made the tools, but 
merely shows that some of the requirements of daily life, and 
the means at command for fultillin^^ them bein^? the same, 
tools of the sam(‘ character have been d(»velop(Ml, irrtsspective 
of time or spacer”* 

A Momstkrian (V)Up dk Potng from Kiuhanitallt. 

(No. Z. 6/119. Plate V. Pi^?s. 1-1.) 

Tn the Mousterian period we find that the coup,de poiii^^: 
diminishes in importan(*e and is v(*ry ])oorly r(*presented but 
it does persist to the (uid of the Moiist(‘rian sla^e, although th(»y 
can scarcely b(* said to rival t.h(‘ neat linish of the AcluMilean 
coups d(‘ poinj^. 

Like the vast majority of the Mousterian implements this 
is also made from a Hake fashioned only on one side. It is ])ear- 
shaped in form and is fashioned out of stained fuchsile qi’artzite. 
This was found m^ar Kibbanhalli in the Tiptur taluk, Mysore, 
and weighs 51 ounces. The peculiarity of the im])lenH‘nt lies 
in the fact that it is |mq)are(l from a bake and fashioned on 
one side only instead of on both the sides as in the Acheulean 
times. It measures (..‘P in length, 3.2'" in width and J of an 
inch in thickness. 

Th(^ inner surface is unllaked wluTcas the outer one is 
fashioned by a number of big and broad baked faces, the iniu^r 
margins of which meed, to give rise to an undulating nn^dian 
ridge or keel, running from the i)oin1 to tln^ butt. The sides 
an^ sharp as a r(»sult of marginal retouching. Th(‘ pointed end 
is fractured probably by natural agenci(‘S. 

It is quit(‘ probable that this tool may also have serv<Ml the 
purpose of a‘hand-point’ in addition to its being used as a coup 
de poing. 

The specimen <lescribed has many ])oints in common with 
the one bgim»d in 8ollas'f belonging to the Ijower Moustcu'ian 
although the linish is not so neat, and the baking is on one 
side only. The implement has a remarkabU^ resemblance 
to a Mousterian Point figured in Passemard’s “ Les Stations 
Palspolithiques du pays Basque. 

* W. Kvans, Anvienl Stone Implements of (irent Hritnin^ [>. 

t Sollas, Ancient Hunters, p. 210, Figs. 97 (/>), h {a). 

t par F. PasHemarO, Les Stations PaUvoliihiques du pays Basque, 
p. 123, Fig. 70. 
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As has already been remarked, all the implements describ¬ 
ed in this paper are fashioned out of flakes which have been 
worked on one side only—a characteristic and peculiar feature 
of the Mousterian industry of the Continent, and since the im¬ 
plements compare very favourably with Mousterian types 
it has been sug^jested that they probably mark a culture similar 
to the Mousterian of Europe, but no implication of a similar 
a^^e in time is intended. 

I will be failing in my duty if, before concluding, I don’t 
express my deep indebtedness to Prof. P. 8ampat Iyengar, 
M.A., for very generously allowing me to study his vast col¬ 
lection of paheolithic implements and giving heli)ful criticisms 
and suggestions in their study. 



THE PRESENT POSITION 
OF INTERNATIONAL TRADE. 

(Economic Committee, League of Nations.) 


The work of the League of Nations naay be divided into 
parts, one, the spectacular, in which it seeks to compose the 
political differences among the various states and the other, 
the intellectual, in which it seeks to inform and enlighten the 
people of the world on social and economic matters. The 
achievements of the League of Nations on the spectacular 
side, though very substantial, have been on an altogether too 
small a scale considering the magnitude of the political issues 
that sunder nation from nation. But on the side of spreading 
enlightenment the League of Nations has to its credit formidable 
achievements. Though it does not appeal to the imagination 
of the politician and the man in the street who expect big 
results from what is an international organ and a world associa¬ 
tion of states the information that it disseminates through 
its various committees—the reports, brochures, studies, mono¬ 
graphs, documents, statements—acts as a leaven on the 
warring people of the world and is certainly an influence that 
makes for peace, co-operation and co-ordinated action. 

Among such publications the document under review 
must take high rank. Within a short compass the present 
condition of international trade is described. And the im¬ 
pression is conveyed that all is chaos where but a few years 
ago there was an orderly and continuous exchange of goods 
and movement of capital from country to country. No more 
conclusive proof of it can be found than the sharp and steep 
decline in the foreign trade of the prineipal countries in the 
world. Thus between 1929 and 1931 the set-back in inter¬ 
national trade, expressed as a percentage, has been 41.5 per 
cent on imports and 43.1 per cent on exports. 

Such a phenomenon calls for a scientific investigation 
and nobody is better fitted to earry it out than the League 
of Nations which not being interested in the commereial policy 
of any particular state can survey impartially and critically 
16 
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the numerous tariff charges and trade restrictions which hare 
all but strangled international trade. The League makes 
a distinction between protectionist measures which are the 
normal feature of the trade policy of various countries and 
those which arise out of a policy of economic nationalism. These 
measures are further reinforced by certain restrictions on the ' 
free flow of capital and goods necessitated by the present 
ffnancial and monetary disorder. Thus import duties and 
export duties are illustrative of the purely protectionist measures 
while import boards, quotas, clearing arrangements, exchange 
control, import licences or monopolies are so many defences 
put up against the onrush of the economic and financial crisis. 
All these are briefly set forth in the document. 

There is also a useful chapter on the correlation between 
unemployment and the collapse of international trade. Cer¬ 
tain industries are selected which figure prominently in the 
export trade of the principal countries and with respect to 
each industry the decline in exports is brought into juxta¬ 
position with the increase in unemployment. It has not been 
possible to establish a mathematical correlation of the two 
figures for want of evidence as to the falling off in home con¬ 
sumption, extent of effective stocks, e.tc. 

In the annex to the document there is a recapitulation 
by countries of the various measures adopted for the control 
and regulation of foreign trade. At a glance pne gets an idea 
of the articles in each country which are subject to one or 
other of the methods of trade restriction. The information 
given in this section will be of great value to the importers 
and exporters. 

One word by way of criticism. The document is obvious¬ 
ly intended for wide circulation. Its purpose, one may guess, 
is to inform the traders about the condition of international 
trade at present and also to instruct the world in general about 
the error of its ways in placing so many restrictions on the 
free movement of capital and goods with which the prosperity 
of so many nations is bound up. But the document, regarded 
from this angle, slightly defeats its own purpose. It is a 
mere skeleton and very sparing in expression. Most-favoured- 
nation clause, quotas, clearing arrangements, import licences, 
exchange dumping, are to the uninitiated in economic science 
just so many terms mystifying and not clarifying the issues 
of the day. Brief explanatory notes would have gone a long 
way to enable the reader to grasp the inner meaning and true 
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purport of these measures and also follow ^heir repercussion on 
the course of the world trade. In a document of this descrip¬ 
tion little can be gained by brevity. Economics is a science 
which speaks in the language of the market place and when 
difficult ideas or strange terms arc imported into it, care must 
be taken to bring them within the understanding of the read¬ 
ing public. 

V.L. D’S. 


604-33 Prlntwl at The Bangalore Press, Mysore Road, Bangalore City. 
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QUANTITATIVE ORGANIC SEMI-MICRO 
METHODS OF COMBUSTION.* 

By B. L. Manjunatu and 8. Siddappa. 
(Department of Chemistry, Central College, Bangalore.) 


The earliest attempt at the tloveloj)ment of a semi-niiero 
method of determining the percentage of carbon and hydrogen 
in organic compounds was that of Collie (J. Chcm. Soc., 1904, 
85, 1111). He devised an apparatus by which the estimations 
were carried out by a purely gaso-volumetric j)rocedure using 
15 to 20 mg. of substances. Similar methods were put forward 
later by Pouget and Chouchack (Bvll. Soe. ehim., 1908, 3, [4], 
75), ITacksjnll and ITeeckeren (Compt. rend., 1923, 177, 59) 
and Hackspill and D’Huart (Ann. Chim., 1926, 5, [10], 96). 

Wise (J. Amer. Chem. Soc., 1917, 39, 2055) was the first 
to adapt the micro methods of Pregl to centigramme 
analysis. On account of tlie relatively larger quantities of 
substances taken, he carried out the combustions in a stream 
of oxygen, using platinised asbestos as catalyst and asbestos 
impregnated with copper oxide as the oxidising material. The 
products formed were collected in absorption vessels similar 
to those of Pregl. Lauer and Dobrovolny (Mikrochemie, Pregl- 
festschrift, 1929, p. 243) closely follow Wise in the manner of 
filling the combustion tube and introduce, further, some of 
the special features of Pregl’s method, such as the pressure 
regulator, etc. Eeference must also be made to the contri¬ 
butions of Polonowski (Bull. 8oc. chim., 1924, 35, [4], 414) 
and Wahl and Sisely (Compt. rend., 1928, 186, 1655 ; Bull. 

* This ])aper is tsken from the thesis submitted by S. Siddappa for the 
degree of Master of Science, in the University of Mysore. 
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Soc. chim.j 1928, 43, [4], 1279). The latter recognized the 
advantages resulting from the taking of small amounts of 
material for combustions and described a procedure which 
was an adaptation of the classical method of Liebig. 

Ileslinga {Rec. trav. chim., 1924, 43, 551) introduced 
specially prepared manganese dioxide as a catalytic oxidising 
agent in semi-micro analysis. This substance, however, has 
to be frequently regenerated outside the combustion tube by a 
wet process. In the method of Berl and Burckhardt (Ber., 
1926, 59, 890) lead chromate is employed as the oxidising 
material. The water formed is absorbed by cone, sulphuric 
acid, and carbon dioxide is estimated either gaso-volumetrically 
or by absorption in a soda-lime tube. Later, for the analysis 
of nitrogenous organic compounds lead i)eroxide was intro¬ 
duced into the combustion tube, according to the method of 
Pregl (Berl, Schmidt and Winnacker, Ber,, 1928, 61, 88). But 
the principal disadvantage in the method of Berl and colla¬ 
borators is that the weighed material has to be mixed with dry 
powdered lead chromate and introduced into the combustion 
tube as in the case of nitrogen determinations. 

Sucharda and Bobranski’s publication ‘‘ Halbmikro- 
methoden zur automatischen Verbrennung organischer Sub- 
stanzen und ebullioskopischen Molekulargewichtsbestimmung” 
appeared in 1929. Their methods follow those of Pregl very 
closely even in the matter of small details, and by means of a 
very ingenious device they make the process of combustion 
completely automatic. When we attempted to work this 
method in our laboratory we found that the automatic regulator 
would not function* possibly owing to differences in the nature 
of the gas supply and its pressure. Further experiments have 
led us to several modifications and improvements which 
simplify the process considerably. The result has been the 
evolution of methods which may be claimed to be of general 
applicability. 

In developing the present methods the following points 
have been kept in view : 

(a) to simplify the apparatus and procedure so that 
they may replace the macro methods in regular 
instruction,t and 

♦ Cf, Cal vet and Mosquera, Chem. Abs., 1933, 27, 244. 

•f Berger, J. pr. Chtm., 1932, 138, [11], 1, See also Hans Meyer, “Analyse 
und Konstitutionaem)ittlung Organischer Verbindungen,” 5lhed., 1931, pp. 99-109 
and p. 124; Weygand, “Quantitative analytieche Mikromethoden der organis- 
chen Chemie,” 1931, pp. 130-148 and 54-66. 
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(b) to follow closely the inicr<) methods of Pre^^l so that 

the exp<*ri(*n(*e gained her<‘ may S(*rv(* as a valuable 
preliminary to training in organic quantitative micro 
analysis. 

The principal advantages are : 

(a) very considerable saving in materials, 

(/>) comfort and convenience in working, and 

(c) shortness of the duration of the analyses. 

It is hoped that as a result of the publicat ion of this paper semi¬ 
micro nudhods of combustion will conu^ into morc^ general use. 

THE BALANCE. 

Although a micro balance is not necessary, an accurate 
balanc(‘ by which th(‘ fourth place after the d(T*imal can bo 
determined with absolute certainty is esscuitial.* It will, how¬ 
ever, be a great advantage to have a balance whenun the tifth 
placid after the d(‘cirnal can be satisfactorily est imated. The pans 
should b(‘ titt(Ml with side arms for suspending the absorption 
tubes during weighings. Suitable balances have been i)nt 
on the marked, by s(‘V(‘ral manufacturers and of these Kuhl- 
mann's Schnellwaage^ No. la ”t i« recommended. Its great 
advantage is (*oristant. sensitivity at varying loads. With this 
balan(M‘ 20 mg. (*an b(‘ weighed with the sani(‘ degree' e)f accuracy 
as 2 mg. in the micro balance. 

The' technique' of we'ighings is the same as that re'commenel- 
eel by PreglJ such as ae*climatisation, use e>f counte'rpoises, 
etc. 

Tlie following results of an analysis will illustrate the 
import,ane*e e)f the*. consielcratie)ns me'ntie)neel above : 


Siibstanee. 

Water. 

( arbnn 
dioxide. 

I*('r cent. of 

hydroj^en. 

carbon. 

0.024r)8 ir. 

0.020.37 

0.072I9‘'. 

0.21 

80.07 

0.0210 

0.0201 

0.0722 

0.22 

80.04 

0.0245 

0.0204 

0.0722 o. 

0.25 

80.35 

0.0240 K. 

0.0203 g. 

0.0721 ii. 

9.18 

1 70.08 


* (]f. n()l)ranHki ainl Siichai-da, hjc. cil., ]). 2S. 

t Willi. H. F. Kiihlmaiin, StcilshoiK'i-strasse, lOl-lOS, Hamburg SS. 
i PrcLU, “Quantitative Organie Mikroanalysis,” 2nd ed., translated by 
Fylenian, 1030. 

1a 
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THE DETERMINATION OF CARBON AND HYDROGEN. 

Outline. —20 to 30 mg. of material are takc'ii for each 
analysis. Tlie combustion tube is filled aeeording to Pregl 
(loe. cit.^ p. 30), and the oxidation is carried out in the 
pn^seuce of i)ure oxytcen with platinised asb(‘stos as catalyst. 
Tlie products formed an' reeeivc'd in suitably tilled Hlumer’s 
absorption tub<^s and (estimated. 

Oxygen and its introduetion Into the combustion tube (Flfi; A). 
—Pure oxygen frohi liquid air,* obtained in stc't'l cyliiidc'rs, 
is bubbh'd through wati'i* and fdled into the gas-holdc'r. Th(' 
connecting tubing is artificially aged according to Friedrich 
(Pregl, loe. cit., p. 21). Similar tubing should also be enrploy- 
ed for all connections bc'tween the gas-holder and the absorp¬ 
tion train. 



b a c. d (' f 

Fig. 1. 


The gas-hold(*r is connccded to PregPs pressure regulator (a) 
with a precision pinch-cock (b) in between, to regulate the 
flow of oxyg(*n. Tin* pn'ssun' regulator is then conn('(d('d to 
a IJ-tubc with bubbh' counlcT (</) int(*rposed by a stop-cock (c). 

A few drops of pure 50 per cent, caustic potash arc care¬ 
fully run into the bubble counter, with the lu'lp of a thin tube, 


* Oxypjon yenoratod from Oxoru* is also of the necessary ])urity. 
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so tliat the inner tube just touehes tlie liquid. Small wads of 
cotton are insisted into the side tubes and the ll-tnbe is nearly 
fdl(‘d with asearite and covered with a litlh‘ cotton. The glass 
stopj>er is warmed, coated with Kronig’s cement and 
scr(*W(^d into ])()sition. Th(^ biibbh* counter is then calibrated 
as describ(Ml by Pregl (loc. (dt., p. 27), “ tliat is, the gas volume 
tliat passes the tub(‘ system in one minute must be correlat(*d 
with the freqmmcy of the bubbles.”* 

Xext comes another ll-tube (c) with ground stop])ers. This 
is Idled with dehydrite and covered with a little cotton. The 
sto])])(‘rs arc coated with good quality vacuum stop-cock greases 
and inserted into position. This lJ-tub(‘ is follow(‘d by a ta])i‘r- 
ed thcTmom(d(‘r tube (/) which leads into the combustion lube 
through a rubber cork. These absorption lubes (d and c) 
should b(' ndilled after using lluun for 40 to 50 combustions. 

The two U-tub(‘S and second U-tube and thermometer- 
tube are connect(‘<1 by imrins of 20 mm. lengths of thick-walhrl 
impregnated rubber tubing (Pregl, loc. cit., p. 51 )t and the 
glass parts should be flush with one anotluT. 

The combustion tube and its accessories (Figs. 2 and 2a ).— 
The combustion tube is of hard ^upremax glass of 12 mm. outer 
diam<d(‘r and length, 55 cm.J To one (ml is join(‘d a 2 cm. 
length of tubing of tlie same (liameter* as that of the side tubes 
of Blum(‘r’s absorption tub(‘S. 

The tube is Idled as follows (Pr(\gl, loc. clt., ]). 50): 

It is repcTitedly rinsed with chromic a(*id, washed with 
distilled wat(T and carefully dried. Then a 7 mm. lengtli of 
choking i)lug is inserted. This is ac(‘omplished by adding 
(d(*an(rl and fn\shly ignit<‘d asbestos in three portions throiigh 
the wid(T (Mid of the combustion tube and pressing it home 


* 14us is a(*c(iin])lisl'('(l thus : The U-tiilH' is conneeterl to the Mariotte 
liask (Prejjl, lor. dl.. ]). 4^) aud air is allowed to ])as.j throuj^h. The dis])laeed 
water is eolleeted and lueasuied. The mini her of hubbies eoiTCsjiondinjj; to 
in e.c. are counted. From tins residt wc jjjet the number of bubbles corres|M)nd- 
inir to any <jjiven volume, say 4 or 5e.c. This is cheeked by adjusting the 
pressure regulator and the sy])hon tube of the Mariotte Hask, so that only 4 or 
T) e.c. pass through ])er minute, and counting the number of bubbles. 
We thus derive the bubble frequency, namely, the numlwr of bubbles ]>er 10 nr 
15 seconds corresponding to a given volume. 

t It is advisable to moisten the glass surfaces witli a little glycerine and 
to wi])e off all excess iKdore inserting the rubix'r connections. Further the Ixire 
of rublx'r tulies al«o should In* similarly treated, as recommended by Pregl, to 
prevent stieking. 

t Sucharda and Bobranski, hx’. p. 10. 
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cacli time with a clean a^lass rod. The decree of j;^ascons fric¬ 
tion at this point is dcdcTinined by inscndiire th(‘ tube into the 
liollow mortar maintained at 19d®, and determining* the number 
of c.c. of air that will pass through ])er minute, at a head of 



a j a., a^ 

Fig. 2 a. 

50 to 00 mm. of wat(T in the prc'ssure n^gulator. This should 
be5to 0 e.c. Otherwise adjustment is mad(‘ accordingly (uther 
by pressing or loosening th(‘ plug. 

Lead peroxide asb(*sfos is inscrt(*d to a huiglh of 50 mm. 
This is best accomplished by adding it in small port ions and 
allowing it to slide along the tube. Tai)i)ing should be avoided 
as it will tend to compress the substance. A small wad of 
asbestos wdl keep it in position. At this stage it is advisable to 
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test the degree of gaseous friction inside the tube, as before, 
after inserting it into the heated mortar. Any diminution in 
bubble frequency will be due to close packing of lead peroxide 
asbestos. Adjustments are made so that the original bubble 
frequency corresponding to 5 or 0 c.c. is restored. The empty 
portion of the tube is cleaned by wiping thoroughly with a 
small piece of cloth attached to a long wire, in order to free it 
from particles of lead peroxide dust. 

Then follows a layer of loosely packed silver wool or 
gauze* 30 mm. in length and again an asbestos wad. 

The oxidising filling, consisting of a mixture of equal parts 
of wire form copper oxide and lead chromate (grains of 2 mm. 
diameter) is added to a length of 10 cm. and covered with an 
asbestos wad. The emi^ty portion of the tube is wiped clean and 
a 30 mm. layer of 20 per cent, platinised asbestos is intro¬ 
duced. Care should be taken to allow the substance to slide along 
the wall of the tube as in the case of the introduction of lead 
peroxide asbestos. This is followed by another asbestos wad. 
It is advisable to test once again the degree of gaseous friction 
in the tube. For this purpose the tube is covered with the long 
brass cylinder (<ei) so that one end of it covers half the length 
of silver gauze, and is inserted into the heated mortar. The 
tube burner is lighted (cf, Sucharda and Bobranski, loc, eit , 
p. 11), and after some time the bubble frequency is deter¬ 
mined. If necessary, adjustments are made so that at least 
4 to 5 c.c. of air pass through per minute. 

The tube is again wiped and the filling completed by adding 
the oxidising mixture to a further length of 10 cm., then an 
asbestos wad and finally a roll of silver gauze 15 mm. in length. 
The empty portion of the tube is once again wiped clean. 

The combustion tube is provided with an asbestos-lined 
thin-walled brass cylinder 26 cm. in length (^i). This cylinder 
encloses the tube from the first silver gauze to about half of the 
second one, and is supported on a long burner.f The portion 
of the tube filled with lead peroxide asbestos is covered with 
asbestos paper and inserted into a mortarJ whose temperature 

* The silver used for tube filling mu.st be cleaned by reducing it in a current 
of hydrogen and subsequently igniting it in a current of oxygen (Pregl, loc, 
cit., p. 27). 

t Sucharda and Bobranski, loc. cit., p. 12. For an electrical combustion 
furnace, see Berger, loc. cii. 

t A hollow mortar (Pregl, loc. cit., p. 36) with boiling decalinc is an advan¬ 
tage. However, when the mortar is used merely as an air bath, the tempera¬ 
ture can 1)0 maintained surprisingly constant for long periods, by adjusting 
the micro-burner underneath. 
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can be maintained constant at about 190° by adjusting a micro- 
burner underneath. 

The tube is also provided with two smaller asbestos-lined 
brass cylinders. The first of them is 60 mm. in length (a 2 ), and is 
placed next to the long cylinder. It is opened out at the top 
as indicated in the diagram and the combustion boat will be 
clearly visible from above. A micro-burner is placed under¬ 
neath its wider end, for decomposing the material. The second 
small cylinder ( 03 , 40 mm. in length) is placed at a distance of 
35 to 40 mm. from (< 12 ), above a close-fitting freshly oxidised 
spiral of copper gauze introduced into the tube, and is heated 
by a Bunsen burner. An asbestos disc is put on the tube at 
a distance of 10 mm. from ( 03 ) to prevent the radiation of 
heat from affecting the rubber stopper. A further support 
to the tube is given near the mouth to prevent its bending as 
a result of continued heating during several combustions. 

The absorption tubes. —^Blumer’s tubes (Sueharda and 
Bobranski, loe. cit.j p. 15) are employed.* For the absorption 
of water one of them is filled with dehydrite. The tube is first 
cleaned and dried. One of the stoppers is covered thinly with a 
small amount of good quality vacuum stop-cock grease and 
screwed into position. A small wad of cotton is inserted 
through the open end and x>ressed into position above the 
stopper with the help of a glass rod, so tliat it forms a thick layer 
of about 5 mm. The rest of the tube is filled with granular 
dehydrite, covered with a wad of cotton and tlie second stopper 
suitably greased is screwed home. It is advisable to make a 
mark on one of the stoppers so that only that end is always 
connected to the combustion tube. 

The second Blumer’s tube is filled in a similar manner so 
that § its length is occupied by ascarite and ^ by dehydrite, with 
a 2 mm. layer of cotton separating the two. 

The tubes are joined to one another by a rubber connection 
and all the air is displaced by passing through them slowly about 
150 c.c. of oxygen. The stoppers are then turned through 180°. 

Before weighing, the side tubes of each of them are clean¬ 
ed by means of a small wad of cotton attached to a steel wire. 
They are successively wiped with moist flannel and 2 pairs of 
clean chamois leather pieces,! and allowed to stand on a frame 

♦ The Pregl tubo3 are unsuitable because of the formation of relatively larger 
amounts of water which tends to choke the capillary constructions thereby 
causing back pressure. 

t Sucharda and Bobranski, loc. cit., p. 16. 
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(Pregl, loc. cit,, p. 44) for ten minutes. They are then suspend¬ 
ed in the balance and their weights determined. An aluminium 
fork is employed to handle them after wiping. 

The dehydrite tube usually lasts for 30 to 40 combustions 
and the ascaritc tube for about 4 to 6. It is advisable to work 
with two pairs when carrying out a number of successive com¬ 
bustions and to keep a good stock of spare tubes.* 

Preliminary roasting and blank tests ,—Preliminary 
roasting is carried out thus : The long burner and the micro¬ 
burner under the heating mortar are liglited. The temperature 
in the mortar is adjusted to 190®. The narrow end of the com¬ 
bustion tube is connected to the Mariottc flask and the syphon 
tube is so adjusted that 5 c.c. of air per minute are drawn through 
the combustion tube. The brass cylinder (ua) is moved over to 
the end of the combustion tube and heated strongly by a Bun¬ 
sen burner. The flame, with the brass cylinder above, is gradually 
moved towards the tube filling. The empty portion of 
the tube is thus thoroughly ignited and the burner removed. 
When the open end of the combustion tube is sufficiently cool, 
the rubber stopper is inserted,f and the Mariotte flask is discon¬ 
nected. The absorption train is then joined on by means of 
the thermometer capillary and oxygen is allowed to pass 
through at the rate of 5 c.c. per minute by adjusting the pressure 
regulator.t The roasting is continued for at least 3 hours. 
The apparatus is then ready for carrying out a blank test. 

With the long burner lighted and the mortar maintained 
at 190®, the absorption tubes are weighed as described already. 
The ascarite tube is connected with the dehydrite tube in such 
a manner that the gases coming from the latter pass through 
ascarite first. A piece of impregnated rubber tubing 20 mm. 
in length is used to join the two. With another piece of the same 


♦ The entire apparatus can be obtained from the firm, Greiner and Fried¬ 
richs, G.m.b.H., Stfitzerlach in Thiir. Mention may also be made of Paul Haack, 
Garelligafse 4, Vienna IX/3, for some specialities like the hollow mortar, preci¬ 
sion pinch-cock, Kriinig’s cement, rubber tubing, etc. 

Oxone. ascarite and dehydrite are obtained from the Central Scientific Co., 
400, East Ohio Street, Chicago, and the other chemicals “nach Pregl” from JJ. 
Merck, Darmstadt. 

t The bore and the outer surface of the rubber stopper should be moistened 
with just a trace of glycerine and wiped clean. This should bo dope from time 
to time in order to i>revent its sticking to the glass surface. 

{ After adjusting the pressure regulator now, the pressure under which 
oxygen enters the tube should not be altered. Occasionally, however, it may 
become necessary to determine the bubble frequency when the narrow end of 
the tube is ox>en and to make minor adjustments. 
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length, the other end of the ascarite tube is connected to a 
Blumer’s tube filled with dehydrito. This acts as a safety 
tube. The weighed dehydrito tube is then attached to the 
combustion tube by anotlier piece of impregnated tube (15 mm. 
length). 

The bores of the connecting pieces of impregnated tubes 
should be moistened with glycerine each time before use, by 
passing through them a small wad of cotton containing a little 
glycerine. Any excess is wnped out by means of a dry cotton 
wad. The glass parts in all the above connections should be 
flush with one another. 

The safety tube is connected to the Mariotte flask and the 
stoppers of all the Blumer's tubes are so turned that oxygen 
passes through the combustion tube. The bubble frequency, 
corresponding to 5 c.e. per minute, is adjusted by raising or 
lowering the syphon tube of the Mariotte flask. 

A few small asbestos paper discs are put between the mortar 
and the first rubber connection to prevcmt its rapid deteriora¬ 
tion on account of radiated heat. The copper heater from the 
mortar is placed on the oj)en portion of the side arm of the 
dehydrite tube. 

The roasting is continued for one hour. Occasional 
attention is paid to maintain the constancy of temperature in 
the mortar. At the end of the j)eriod, the Mariotte flask is 
disconnected. The absorption tubes are closed and detached. 
The safety tube is connected to the neck of the combustion 
tube by means of impregnated tubing. 

The absorption tubes are cleaned, wiped and after remain¬ 
ing for ten minutes on the stand, are weighed. If the apparatus 
is in a satisfactory condition, they should shoiiv no increase in 
weight in the fourth place after the decimal; otherwise the 
entire apparatus is examined carefully for leaks, etc., and the 
roasting continued till constancy of weight in blank tests is 
ensured. 

When the api)aratu8 is to be set aside for the day, the 
burners are all put out. The tube is allowed to cool and oxygen 
from the gas-holder is stopped. The stop-cock (c) and the 
stoppers of the U-tube (c) are turned through 90® and finally 
that at the end of the safety tube through 180®. 

A tube thus prepared lasts for at least 75 to 100 combus¬ 
tions. If a number of halogenated organic compounds are 
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being analysed, it is necessary to dean the smaller silver gauze, 
occasionally, as described already. 

The course of analysis .—Before the analysis of unknown 
substances is undertaken, it is advisable to carry out the com¬ 
bustion of one or two known substances, such as acetanilide, 
allantoin, etc. 

In carrying out a combustion, it is best to follow 
closely the following procedure : 

1. The stoppers of the stop-cock (c), the U-tube (e) and of 
the terminal safety tube are turned to allow the i)assage of 
oxygen through the combustion tube. Oxygen is let in from 
the gas holder and its flow into the pressure regulator is con¬ 
trolled by the precision pinch-cock. The long burner and the 
micro-burner under the mortar are lighted and the temperature 
of the mortar is regulated to 190°. 

2 . The absorption tubes are cleaned, wiped and i)laced 
on the stand. 

3. Oxygen is stopped from the gas holder and the empty 
portion of the tube is rapidly ignited in the manner already 
described. The absorption train is connected again and oxygen 
is let in. The bubble frequency is tested. The impregnated 
rubber connections are treated with glycerine and wiped. The 
spiral of copper gauze is ignited and allowed to cool in a desic¬ 
cator. 

4. The substance (20 to 30 mg.) is weighed into a suitable 
platinum or porcelain boat* and placed in a desiccator. 
The absorption tubes are then weighed, inter-connected and, 
together with the material, are moved near to the combustion 
train. 

5. The terminal safety tube is disconnected and the tip 
of the combustion tube is carefully wiped. The dehydrite tube 
is attached to the combustion tube and the ascarite tube to the 
safety tube, which in turn is connected to the Mariotte flask with 
its syphon tube raised. Asbestos discs are placed between the 
mortar and the first rubber connection, and the copper heater 
on the open portion of the side arm of the dehydrite tube. The 
stop-cock of the gas holder is closed. 

* Before use the boats should bo boiled with nitric acid, washed, dried, 
ignited and allowed to cool on copper block inside a desiccator. 

For the manipulation of liquids with low boiling points, see Pregl, loc. cit.f 
p. 70 and Sucharda and Bobranski, loc. ctf., p. 27. In the cage of high boiling 
liquids (b. p. above 200®) one drop is put into the boat and weighed out in tl.e 
usual manner. 
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6 . The rubber cork is removed from the mouth of the 
combustion tube, the boat is inserted by means of a pair of 
forceps and pushed in with the help of a clean dry glass rod, so 
that it becomes visible from the open portion of the brass 
cylinder (a^) and is not more than 1 cm. from the tube tilling. The 
oxidised copper spiral is introduced into position ; the rubber 
stopper is then inserted and the combustion tube is connected 
with the absorption train. The stojjpers of the Blumer’s 
tube are all suitably turned to allow the passage of gas. 

The apparatus is tested for any leaks by closing the stoi)- 
cock (c) and lowering the syphon tube of the Mariotte flask. 
After a few seconds no more bubbles should rise in the flask. 

7. Oxygen is let in and bubble frequency is adjusted 
by raising or lowering the syphon tube of the Mariotte flask. 

8 . The burner under the brass cylinder (^ 3 ) is lighted. 
When it is red hot, a micro-burner with a small flame, the 
size of whicli depends upon the nature of the substance that 
is being oxidised, is placed under the wider end of the brass 
cylinder (^ 2 ). 

After a little time the substance begins to decompose. 
This should be slow and gradual and it is best to work with a 
very low flame. At this stage it is usual to notice a temporary 
diminution in bubble frequency. The entry of oxygen, however, 
should not stop and any back pressure, as will be indicated in 
the bubble counter, should be carefully avoided. 

The copper heater is used to drive any moisture condens¬ 
ing in the side arm of the dehydrite tube into its stopper. 
Occasional attention is also paid to maintain constancy of 
temperature at 190® in the mortar. 

The decomposition will be over in a short time (2 to 6 
minutes). The micro-burner is replaced by a good Bunsen 
burner and the charred particles are completely burnt out. 

At this stage, the passage of bubbles in the Mariotte flask 
will become very slow although the bubble counter may 
indicate a slightly increased rate of entry of oxygen into the 
combustion tube. Water will collect in the stopper of the 
dehydrite tube and the absorption of carbon dioxide in the 
ascarite tube will be apparent. 

9. The regular combustion is now over. 100 to 160 c.c. 
of oxygen are allowed to pass through, in order to wash out 
all the products of combustion into the absorption tubes. This 



Semi-Micro Methods of Combustion 


135 


volume is determined by measuring the water issuing from the 
syphon tube in a graduated cylinder. 

During this period the Bunsen burner, together with the 
brass cylinder (u^), is gradually moved till the latter joins the 
cylinder (a^). In this manner the empty portion of the tube 
is thoroughly ignited. 

If successive combustions are to be carried out, material 
is weighed out into a second boat and another set of Blumcr’s 
tubes arc got ready. 

10. As soon as the required volume of water is collect¬ 
ed in the measuring cylinder, the syphon tube is raised, and 
the absorption tubes are disconnected after closing the stoppers. 

If a second combustion is to be carried out, anotlier set of 
weighed absorption tubes are attached to the combustion tube, 
and the procedure repeated. On opening the rubber cork, 
the copper spiral and the boat are removed by means of a 
platinum hook. The second boat followed by the copper spiral 
is introduced, and the cork is re-inserted. Otherwise, the tube 
is allowed to stand by in the manner already described. 

The absorption tubes are cleaned, wiped and weighed in 
the usual manner and the results arc then calculated. 

A variety of substances with varying chemical composi¬ 
tions have been analysed and the accuracy of the determinations 
is iO.2 per cent. 

Some results: 







Per cent, of 


Substance and its formula. 

Wt. taken. 

HaO 

COa 

Hydrogen 

Carbon 

•o 

a 

s 

£ 

3 

e 

8 

H 

T> 

a 

=> 

£ 

Theoretical 


R. 


R. 





p-Phenyl pbcnacyl ester of 
lignoccric acid, C88H5g03J 

0.02408 

0.02250 

0.07164 

10.4 

10.4 

81.1 

81.1 

Allalntoin, C4H(,N408. 

0.01301 

0.00477 

0.01507 

■ID 

3.S 

30.2 

30.4 

2 : 4 Dihydroxy isophthalic 
• acid, CgHgOg. 

0.02982 

0.008i)3 

0.05304 

3.2 

3.1 

18.5 

48.5 

Diethyl ester of 2 : 4 dihy¬ 
droxy isophthalic acid, 

^12Bi40(j. 

0.02766 

0.01354 

0.05742 

5.4 

5.5 

56.6 

56.7 

p-Bromphenacyl ester of 
^ 2 alf 4 e^ 2 » 

0.01664 

0.01375 

1 

0*04120 

9.2 


67.6 

67.5 
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THE DETERMINATION OF NITROGEN. 

Although the volumetric determination of nitrogen in 
organic compounds, according to the micro method of Pregl, 
yields accurate results without considerable difficulty, still, 
where a micro balance is not available, the semi-micro method 
affords a valuable alternative. Suitable methods and 
apparatus have been advanced by Berl and Burckhardt (Ber., 
1926, 59, 897), Lauer and Sunde (Mikrochemiey Preglfest- 
schrift, 1929, p. 239) and Sueharda and Bobranski (loc, cit,, 
p. 30). The following procedure which is a close application 
of Pregl’s micro method to centigramme analysis has been 
found to be equally accurate. 

The carbon dioxide generator ,—Medium sized pieces of 
marble are k('.pt in water and boiled for a few hours under 
diminished pressure. They are then washed with a little dilute 
hydrochloric acid and charged into the middle bulb of a fairly 
large-sized Kipp’s apparatus. The delivery tube (a) is provided 
with a stop-cock (ci) and is so arranged that the gas is drawn from 
the top portion of the chamber. A mixture of equal parts of 
concentrated hydrochloric acid and boiled water is added through 
the upper bulb. The stop-cock on the delivery tube is opened 
for a short time so that there is vigorous evolution of carbon 
dioxide. I'his is repeated several times in .order to drive out 
all the air in the apparatus. Also, one or two larger pieces of 
marble are inserted into the central tube to complete the 
de-acration. A Kipp charged in this manner is allowed to stand 
for some days during which the process of de-acration is repeated 
a few times.* It will then deliver carbon dioxide of the speci¬ 
fications of Pregl as judged by the formation of micro-bubbles 
when slowly let into the azotometer. 

The combustion tube, its accessories and the azotometer 
(Pig. 3).—The delivery tube of Kipp’s apparatus is connected by 
means of pressure tubing to a -Zf-form capillary tube which leads 
into the combustion tube through a rubber cork. 

The combustion tube is similar to the one employed for 
the determination of carbon and hydrogen but of a total length 
of 45 cm. For filling it, it is first cleaned and dried. A small 
asbestos wad inserted through the wider end is pushed to the 
neck. A layer of freshly ignited wire form copper oxide 
90 mm. in length is introduced and covered with a small 

* The de-seration proccHS is repeated once a week since hydrochloric acid 
in the upper bulb comes into contact with air after some time, in spite of the 
safety tube. 
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amount of asbestos. This is followed by a 50 mm. lenp:th 
of freshly rediic(‘d copper wire* and covered with a little 
asbestos. The materials added till now form the permanent 
filling of the tube. 

The combustion tube is provided with two asbestos-lined 
brass cylinders, one 10 em., and the other 35 mm. in hmgth. The 
former (hi) is placed in such a manner that one end of it is about 



e.. bj b„ Cj a 

Fig, 3. 


8 mm. from the neck of the tube. Tlie smaller one (h^j) is n&ed 
to cover the tube when the substance is being heated by a 
Bunsen burnc^r. The combustion tube is sup]X)rted on a stand 
and is heatc^d along the length cov(Ti‘d by tin* longer cylinder 
by means of a tube burner. 

The narrow end of the combustion tube is connected to 
PregTs stop-cock with long handlet (^ 2 ) which in turn is joined 
to an azotometer similar to th<^ one employed by Berl and 
Biirckhardt (loc. eit,), but with only an ordinary stop-cock 
above the graduated end. The Pregl’s ^top-cock is introduced 

* See Prej'l, loc. cil., p, 93. This should k* replneed after 15 to 20 combus¬ 
tions. 

t This stop-cock should be occasionally cleaned in order to remove 
condensed water. 
iB 
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to roi^iilatotliorato of entry of jjas biibbh^s into the azotometer. 
The azotorneter is filled with merenry np to a level just above 
the lower side tube and 50 j)er eent. potassium hydroxide^, ])re- 
pared aeeordiii" to Pregl (loc, rit,, p. 90), is introduced into tlu^ 
lev(‘lling bulb. 

When a tube is filled for the first time, it is roasted for 10 
to 15 minutes in a current of carbon dioxide. Stop-cock (co) is 
then closed and that on the delivery tubc^ opened so that the 
tube is tilled with carbon dioxide under pressure. 

The course of anahfsis. —UO to 30 mt{. depending? upon the 
nitro<jen content of the substance, are wei‘j:hed info a niixiii" 
tub(‘t and thoroughly mixed with about 3 c.c. of tim^ (*opper 
oxide. 

Above the ])ermanent filling? of th(‘ tube is introduced 
anotluT 10 cm. layer of wire form (‘opp(U‘ oxide and cover(‘d 
with a small quantity of tiiu^ c()p])er oxides The substanc(‘ 
mix(‘d with line (M)p])er oxide is added into the tub(‘ through a 
small funn(‘l. The mixing tube is rinsed twi(*(‘ with tim^ co])])(*r 
oxide and the washings are poured into the combustion tube. 
Them wire form copper oxide to a length of 8 cm. is added.;!; 

The (iornbustion tube enclosed in th(‘ brass cylindms is 
placed on the stand and connected with the Kipf) gemerator 
and the azotoim‘t(‘r. With the levelling bulb of th(‘ azotoimder 
kept, low and the stop-(*ocks fully opcui, a vigorous stream of 
carbon dioxid(‘ is x>assed through the tube for 1 to 5 minut(‘S. 
The long burru'r is then lighted, th(‘ stop-cock (c.j) is clos(‘d and 
the azotorneter tilled with caustic potash by raising th(‘ l(*v(*lling 
tube. By nutans of the long handle of the stop-cock (co) carbon 
dioxide is allowrul to ent<‘r into the azotorneter at the rat(‘ of a 
bubble per second. The bubbles should b(‘ com])h‘t(‘ly absorb(‘d 
heaving only the micro-bubbles to rise* in tlie stmn. OtluTwisr' 
the process of washing out is continued as b(*for(‘ and thf‘ appa¬ 
ratus is test(*d to make ceTtain that all the air has b(*en numjvr'd. 

With the azotomet<‘r set, tlie stop-cock (cj) is closed and (C 2 ) 
is fully opened. Tlu‘ combustion is commenced at t.lu^ farthm’ 
end of the tube tilling, with a Bunsen burruTkee])ingth(‘ brass 
cylindr^r (ho) above. Tlu‘ Harm* is moved gradually towards the 

* The e()iiq)loto a]ii)aiatu.s can be ()r)taine(l from the firm (ireiiier and 
Pried riciis. 

t An onlinary test tube 50 nun. long and 12 mm. in diameter in used. 
A tight-fitting eork without any grains is used to close the mouth when shaking. 

} The filling after the reduced eo])])er is removed each time a eombustioh 
is to be carricfl out and sieved. The two varieties of copper oxide are ignited 
separately and used for sulwequent tube tlllings. 
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long burner so that the substance is very slowly oxidised as 
indicated by the entrj’^ of gas into the azotometer, which should 
at no time contain more than two bubbles at the same time. 
The combustion is comj^leted when the Bunsen burn(T is 
brought close to the long burner. 

Then commences the washing out process. The stop¬ 
cock (C 2 ) is closed and (C|) is fully opened. The former is ve ry 
gently adjusted so that gas begins to enter the azotometer at 
the rate of a bubble per second. The washing is continued 
till micro-bubbles once again begin to ascend in the tube. 
During this period the portion of the tube outside the long 
burner is ignited strongly and the burn(TS are put out. 

A few minutes after the micro-bubbles begin to ascend in 
the tube, the stop-cock (C 2 ) and the stop-cock on the azotometer 
side tube are completely closed, and the azotometer is discon¬ 
nected and moved to a cooler place. The levelling bulb is kept 
raised and a thermometer is kept near the gas in tln^ stem. 
After 15 minutes, the volume is read accurately with the help 
of a lens, after equalizing the pressures by means of the levelling 
bulb. The temperature and the barometric pressure arc noted. 

From the volume thus read 1.2 per cent.* is deducted to 
make allowance for the volume of the alkali adhering to the 
sides and the results calculated in the usual manner. The 
accuracy of estimations according to this method is | 0.2 i)er 
cent, and a determination usually takes li to 2 hours. 

Some results : 








Per cent, of Nitrogen 

Substance and its 
formula. ' 

Wt. taken. 

Volume of 
Nitrogen. 

t®. 

iis 

Calculated 
from uncor¬ 
rected 
volume 

Calculated 
from cor¬ 
rected 
volume. 

1 

0 

0 

Acetanilide, 
CgHoNO. 
Naphthylamine, ,. 

C30H0N. 

0.0214 

g- 

2.23 c.c. 1 

; 25^ 

i 

683 

10.7 

^ 10.6 


0.0233 

g- 

2.25 c.c. 

j 

1 26° 

683 


9.8 


Sal icy 1 amide, 

0.0217 

g-1 

1 

2.20 c.c. ^ 

24° 

684 

10.5 



m-Nitro phenol, .. 
CCH 5 O 3 N. 

0.0237 

g-i 

2.40 c.c. 1 

25° 

684 

10.4 

10.3 

10.1 

Allantoin, 

QH6N4O3. 

0.0117 

g- 

3.86 c.c. 

25° 

683 

35.9 

35.5 

35.5 


♦ Cf. Siicharda and Bobranski, loc, cit., p. 34. Weygand (loc. cit., p. 60) 
considers that the above correction is arbitrary, aithough its use with several 
known substances has given accurate results. However, the azotometer may 
Iso be calibrated according to the method of Berl and Burckhardt (loc, cil.). 
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INTRODUCTION. 

Since in 1858 Bernard (1) demonstrated the occurrence of 
Glycogen in the placenta of ruminants and in the subsequent 
year discovered its presence in the rabbit (2), there have been 
several papers dealing with the subject which have inspired 
two main lines of investigation. Marshall (1) has given a com¬ 
plete summary of the previous work on the quantitative 
analysis and metabolism of glycogen in the foetal tissues and 
Bowen (5) in his recent contributions on the part played by the 
Golgi Apparatus and Mitochondria has cited literature bear¬ 
ing on this aspect of the question. Lochead and Cranmer (6) 
have drawn attention to the fact that the amount and distri¬ 
bution of Glycogen in the placenta in mammals vary in the 
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different orders and in most species the subject has not been 
completely investigated. The results obtained by Godet, 
Chipman, Maximow and other investigators have established 
the fact that the carbohydrate metabolism of the foetus in the 
earlier stages of pregnancy is carried out by the maternal 
placenta, the decidual cells containing the maximum amount 
of glycogen,—till the role is assumed by the foital liver and the 
embryonic tissues. The variations of the carbohydrate content 
in foetal fluids have been quantitatively determined by Paton (7) 
and his collaborators and its distribution seems to point 
to the fact that there is a greater concentration in the allantoic 
than in the amniotic fluid. Langhans (8) and Jenkinson (3) 
have succeeded in finding glycogen in the uterine epithelium, 
both superficial and glandular, and in the sub-epithelial con¬ 
nective tissue of the uterus in man, ruminants and rodents. 
The occurrence of fat in the Uterine fluids in the advanced 
stages of pregnancy is generally attributed to th(‘ fatty dege¬ 
neration of the decidual cells, but few authors have followed 
the formation of glycogen in the ovarian ovum and liquor 
folliculi. 

Brambell (9) in his paper on the part played by th(‘ Golgi 
Apparatus in Secretion, also gives a summary of previous 
work on the subject and the results obtained by these authors 
appear to prove conclusively that the Golgi bodies influence 
directly the secreting particles, themselves undergoing changes 
the while, and are finally extruded in some cases from the 
glandular cells. The mitochondria are not believed to take 
any direct share in the functional activity of the cells. Tn 
working on the pancreatic cells of the mouse ^Nassonov (10) 
has experimentally established the relation of the changes in 
the Golgi bodies with the sequence in the stages of secretion and 
regards the former therefore as the seat of its origin. 

The results of my studies establish that the Golgi bodies 
in the Follicle and Uterine gland cells of Loris become active, 
grow and divide during the secretory activity and the mito¬ 
chondria are not passive during the whole process. It seems 
to me that there is just as much evidence to involve the mito¬ 
chondria as there is in favour of the Golgi apparatus, in the 
elaboration of the secretion granules. This paper records the 
occurrence and distribution of glycogen in the ovarian ovum 
and of fat and glycogen in the liquor folliculi on the one hand 
and on the other the secretions of the Uterine glands. It is 
proposed in the end to examine the evidence in support of the 
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view that besides the Golgi bodies, mitochondria also assist in 
the formation of the secretions. 

MATERIAL AND METHOD. 

I have obtained the uterus and the ovaries of the non- 
pregnaiit and pregnant forms in various stages, out of animals 
kept in captivity. For Golgi and Mitochondria, Mann- 
Kopsch Osmic acid and DaFano and Cajal’s silver nitrate 
techniques have been employed. Golgi’s Arsenious acid and 
silver nitrate method also has been used and in the three cases 
of silver impregnation, the time of fixation has been reduced 
to one-half of that recommended in view of the. high 
room temperature in South India. For glycogen and fat, 
Zieglwallner’s Chrome-Osmic and Sublimo-Osmic methods liave 
been employed, followed by Best’s Carmine. 

For secretory granules, Schridde’s modification of formol- 
chrome technique and Regaud’s Formol-bichromate method 
liave been used, followed by Saffranin, or methyl blue and 
Borax Carmine or acid fuchsin. 

As the bits of the same tissue were used for the purpose 
of fixation in the above fluids, it is possible to follow in the 
slides the sequence of changes in the cell inclusions and their 
interrelation. 

THE STRUCTURE OF THE UTERUS. 

In South India the slender Loris breeds twice in the year ; 
the sexual season falls in April-May and October-November. 
This is usually heralded by a wide awake alertness on the part 
of both sexes in seeking for a mate. The period of promstruin 
is marked by a slight sanguineous discharge which has been 
reported to occur in Tarsius by Startz and Ilerwerden (11) 
and as in Macaeus and f^emnopitheens in which Heape (12) 
has studied the subject in great detail, the cycle is divisible 
into four periods to which I shall refer in the following 
paragraphs. The other indications of the arrival of the 
breeding season are a swelling of the external genetalia in both 
sexes and the descent of the testes in the males to the region 
of the groin, where they form external swellings, but without 
any distinct scrotum. The procestrum lasts for six to seven 
days and the oestrum for a similar period during which it is 
not unusual to meet cases in which two or even three males 
are found clinging to a single female who submits to this strange 
procedure. However, only one male succeeds finally in effect¬ 
ing coition. I have noticed that when bunches of males are 
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thus attached a.nd failure to coiiujate results, the female passes 
into a short metamstrum of a fortnight during which the 
activity of the generative organs subsides, followed by another 
brief oestrum, known as the dioestrous cycle. The number of 
dioestrous cycle is limited to two and if copulation does not occur, 
the female passes into a prolonged period of anoestrum, but a 
polymstrous cycle in the Loris has not come under my 
notice. 

The menstrual cycle in the Loris may be divided into (1) 
the period of rest; (2) the period of growth ; (3) the period of 
degeneration; and (4) the period of recuperation. 

The Period of Rest ,—The Uterus of the non-pregnant Loris 
before the menstrual cycle, measures from the cervix segment 
to the base of the fundus 8 mm. and across the cornu 14-15 
mm. and the thickness 4 mm. In transverse sections, the 
uterine chamber is represented by a narrow slit disposed in a 
zigzag fashion, the muscular layers including those of the 
septum dividing the body of the uterus are extraordinarily 
developed and the glands are closely packed together in the 
submucosa. The epithelial investment composed of short 
cubical cells form a close and continuous lining for the cavity 
and passes into the ducts of the glands. The glands are more 
densely aggregated in the region of the cornu than in the body 
of the uterus. The interglandular stroma is composed of mus¬ 
cular fibres and connective tissue corpuscles which are generally 
spindle-shaped. There is no activity of cell-division either 
in the epithelial layer or subepithelial mucosa or the stroma. 
The vessels are comparatively narrow and an unequal distri¬ 
bution of them in the deeper and superficial regions of the 
uterus is noticeable, a larger number of capillaries occurring in 
the surface area. 

The Period of Growth ,—This involves the increase in the 
number of nuclei in the outer portions of the stroma, which 
leads to a considerable swelling of the head end of the uterus. 
There is little or no change in the deeper parts of the stroma, 
where, however, the blood vessels become larger. The swelling 
of the stroma which later extends to the more posterior divi¬ 
sions of the uterus, produces a tension on the lining mucosa 
which together with the glands is stretched. It is to be men¬ 
tioned, however, that the congestion of the epithelium is loca¬ 
lised, being confined to the anterior divisions while hyperplasia 
of the vessels takes place all over the stroma and immediately 
below the mucosa almost throughout the uterus. 
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The Period of Degeneration ,—The onset of menstrual 
period is heralded by the appearance of slight streaks of 
sanguineous discharge through the swollen genital orifice and the 
preceding stages are marked by the culmination of the hyper¬ 
trophy of the mucosa, the lining epithelium and the blood 
vessels and the glands. The congested capillaries break out, 
extravasating the stroma, where the leucocytes now abound. 
The uterine glands now i)ossess dilated lumina and are in secre¬ 
tive activity. The nuclei of the stroma are long and chromo¬ 
somes are reticular and are deeply stainable. In the deeper 
parts, they enter at this stage, upon the mitotic phase of divi¬ 
sion and the stroma itself is loose in the more superficial areas 
where the lacunie are beginning to be formed. I have follow¬ 
ed this part of the subject in detail and have noticed that the 
formation of lacunae in the subepithelial tissues is due to two 
causes. In the first place, the cells of the mucous layer 
become large and develop vacuoles which running together 
invest tlie cells with the appearance of large goblets of secre¬ 
tive formations. The secretions of the cells accumulate below 
the epithelium and in sections the mucoid substance presents 
a fibrillar appearance whose continuous pressure lifts large 
patches of the epithelial lining. The space thus produced 
between the deeper mucosa and epithelial membranes is also 
filled with the secretions of the uterine glands, and the conti¬ 
nued disintegration of the sub-mucous tissue is responsible 
for the production of a second set of lacunae in the superficial 
portions of the stroma where the corpuscles of the extravasated 
blood accumulate. It is the congested capillaries in the super¬ 
ficial regions which break down, while those in the deeper 
areas remain intact, and consequently few corpuscles of either 
variety are met witli. At this stage, the uterine wall is clear¬ 
ly marked off into two divisions, the upper portions where the 
stroma is loose and the extravasation of blood in the super¬ 
ficial areas has occurred and then the lower portion where the 
stroma is dense as in the uterus before the commencement of 
the menstrual changes, and the glands, blood vessels and the 
epithelial layer remain unaffected. The exudation of the blood 
and the secretion of the glands into the uterine cavity take 
place, by the peeling off of large patches of the epithelial 
membrane together with the mucous membrane which occur in 
shreds in the different parts of the uterine chamber. I have 
noticed that when the lacunas rupture through, not only the 
mucous membrane is carried before the blood stream but such 
portions of the glands as come under its influence. The cells 
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of the epithelial membrane lose their outline and the nuclei 
become broken up into thick irregular threads of deeply stain¬ 
ing chromosomes. The nuclear membrane can hardly be made 
out. The cells of the mucous membrane, both superficial and 
deeper layers,—have disintegrated owing to tlie development 
of vacuoles, while the nuclei retain their membrane and the 
chromosomes are granular. The lacunse of the stroma are 
long fissures in which gelatinous fluids accumulate in addition 
to the extravasated blood from the neighbouring capillaries. 
There are really two kinds of lacunse formed on a different 
basis in the different parts of the menstruating uterus of Loris. 
Those formed in the stroma arise as splits owing to the accu¬ 
mulation of fluids in the connective tissue spaces, the loose 
character of the tissue being due to the process of the formation 
of the fluids. LacunaB also arise in the sub-mucosa where 
the cells develop large vacuoles whose exudation and disinte¬ 
grations i)roduce large spaces between the epithelia, mucosa 
and the stroma. All these lacunae are filled with the extra¬ 
vasated blood which escapes into the uterine cavity along with the 
glandular secretions and the connective tissue fluids and watery 
accumulations of the vacuoles of the mucous cells. The volume 
of the fluid contents of the uterus is not, however, large and 
consequently their escape through the external genital orifice 
is very slight and occurs in smears. In the extravasated blood 
occurring in the stroma, lacunae contain a large number of 
white corpuscles of chiefly the mono-nuclear variety and 1 
have also noticed the polymorphs. During the period of dis¬ 
charge, the inner surface of the uterine chamber at the head 
end, presents a ragged surface due to devastation of the lining 
membranes and glands whose remains in the uterine chamber 
till finally expelled, are noticeable. The menstrual discharge 
examined under the microscope discloses an opaque fluid base 
derived from the uterine glands and the blood with granules 
from the gland and mucous cells, masses of stroma, mucous 
and epithelial tissue and red and white corpuscles. 

The Period of Recuperation .—Heape in his paper on Semno- 
pithecus entallus already cited includes in thisperoid of re-for¬ 
mation of the mucosa and epithelium the regeneration of the 
blood vessels and the changes in the stroma including the beha¬ 
viour of the free leucocytes. The results I have obtained are 
in accord with his conclusions. The epithelium and the sub¬ 
mucous layer are re-formed from the glandular cells and the 
underlying stroma. In the basal regions of the uterine 
chamber where there is extensive and complete dehiscence, 


2 


F 



146 


0. E. Naeayan Eao 


there is hardly any remains of epithelium to take part in the 
re-formation of this lining membrane. The glandular cells belong¬ 
ing to structures more deeply situated divide amitotically in the 
dicBStrous phase and this process of reformation of the epithe¬ 
lium is only a repetition of what occurs in the establishment 
of this layer in the embryonic stages of the uterine develop¬ 
ment. There is a great streaming movement of the dividing 
cells towards the uterine chamber from the deeper stroma 
and the glands and such movements are noticeable even before 
the shedding of the mucosa and epithelium. The process of 
reconstruction therefore proceeds or is inaugurated before tlie 
disintegration commences. The shape of the newly fprmed 
cells which are subject to pressure at the source of origin, is 
oval and elongated and on reaching the cavity, becomes per¬ 
fectly cubical. 

The extravasation of the blood in the broken down capil¬ 
laries stops after the elimination from the uterine chamber of 
the menstrual clot. The contraction of the uterine wall pro¬ 
duces at this stage more extensive sanguineous discharge owing 
to further breaking down of the blood vessels. The flow of 
the blood is arrested mainly by two causes. The lacunse in 
which the blood lies is repaired by the tissue of the stroma 
becoming compacted whose pressure alone is sufficient for the 
purpose and the walls of the capillaries and arterioles being 
regenerated rapidly by the cells of the stroma. I am unable to 
confirm the description of Heape concerning the re-formation 
of the blood vessels in Semnopithecns and Macacus, Accord¬ 
ing to him the protoplasm of the cells bounding the blood- 
containing spaces flattens out, the nuclei also flattening and 
elongating; thus fine capillaries are formed. These capil¬ 
laries become continuous with the deeper parts of the mucosa 
with the larger pre-existing capillaries. Such capillaries which 
exist in large numbers during the recuperation period, disappear 
when the mucosa has shrunk into the resting condition. In 
Loris, I have not been able to trace the formation of the capil¬ 
laries along these lines. The picture presented by the uterus 
in the anterior basal regions at the time of menstrual climax 
is (1) The uterine cavity is occupied by the hypertrophied epi¬ 
thelial and mucosa shreds together with small quantities of the 
extravasated blood and the glandular secretions ; (2) Leuco¬ 
cytes in the loose matrix of the stroma; (3) The lacunae of the 
stroma filled with blood ; (4) The capillaries in the stroma and 
in the neighbourhood of the glands without walls and greatly 
distended; (5) The mitotic activity of the stroma and 
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gland cells and general migration of the freshly formed 
cells towards the superficial regions, the lacunae and the blood 
vessels; (6) The leucocytes (both baso- and Eosino-phil ones) 
injesting the red corpuscles which when they escape the leuco¬ 
cytes disintegrate and form pigments. These pigments are 
finally eliminated by the stroma cells which absorb them. Now 
in the slides which show these features, it is very easy to follow 
the process of the reconstruction of the blood vessels. It is 
true that the stroma cells lying in the immediate vicinity of 
the blood vessels, become flattened out and elongated and by 
applying themselves on the sides of the spaces give rise to the 
walls of the capillaries. But this is not how new vessels arise. 
During the process of the repair of the walls fresh offshoots 
in the form of minute canaliculi are produced from the capil¬ 
laries which join those stroma lacunfe which have not closed 
up. The old capillaries persist where their walls are re-estab¬ 
lished, but in several places, the rapid proliferation of cells in 
the stroma leads to their abolition. Their place, however, 
is taken by the new vessels which arise as offshoots of the exist¬ 
ing ones which meet the lacunae, whose conversion into blood 
channels extends the capillaries into fresh areas. This extension 
of vascular area stops when the stroma becomes more compact 
which is due to the closing up of the wider lacunae rather than 
the increase of cells which are drawn towards the repair of the 
cast-off layers of sub-mucosa and epithelium. The function 
of the extravasated leucocytes is to clear the dead and disinte¬ 
grating red corpuscles and most of them re-enter the blood stream 
of the freshly formed vessels. During the recuperating phase the 
white corpuscles are markedly few and those which donot enter 
the blood, remain in the stroma and may even enter the glands. 

I have not succeeded in studying the time and the condi¬ 
tions under which ovulation takes place in Loris, but the examin¬ 
ation of the sections of the ovary in the procestrous period offers 
some clue as to the factors which help in the extrusion of the 
egg. The follicular cavity in the peripheral egg becomes greatly 
dilated on account of the accumulation of fluids, while at the 
same time the follicular membrane and the stroma surrounding 
it become thin. The ovary becomes larger at this period owing 
to the extravasation of blood, which is similar to what takes 
place in the uterus. The combined pressure of the blood and 
the liquor folliculi must suffice to extrude the ripe egg ; the rup¬ 
ture of the investing membranes being easily effected by their 
being thinned out. The recuperation of the ovary synchronises 
with that of the uterus, but for want of complete evidence, 



148 


0. E. Naeayan Eao 


it may not be safe to suppose that the processes of ovu¬ 
lation and menstruation go together. Lacunae in the connec¬ 
tive tissue of the ovary appear at the time when it enlarges on 
account of the increased vascularisation and the causes which 
produce them arc that at the time the prooestrum commences, 
the tissues become loose and open out just in the same way 
that the stroma of the uterus behaves during this period. The 
lacunae are easily distinguished from the ramifying system of 
invagination for the formation of fresh ova, by the fact that 
the latter are lined by the germinal epithelium and tubal eggs 
are always detected arising from the germinal cells and inter¬ 
stitial cells in the neighbourhood. The connective tissue of the 
ovary becomes compact after impregnation of the egg and in 
the sections of the ovary in the different stages of pregnancy, 
the lacunae have disappeared and the blood vessels are fewer, 
and the repair is carried on almost entirely by the connective 
tissue cells which actively multiply directly in the early stages 
of foetal development. I have not noticed the formation of 
fresh vessels in the recuperation period of the ovary, the walls 
of the old ones being established by the migrating connective 
tissue cells which are at first flat, but later become lengthened and 
partly also by the granular cells in the vicinity of the vessels. 

In their recent paper on the Corpus luteum of the Mono- 
tremata Hill and Gatenby (13) and Marshall (4) have given a 
complete list of references on the subject of Corpus luteum and 
I have been collecting material of Loris with a view to study 
the stages in its formation in relation to the structural changes 
of the oviduct on the one hand and with the mammary glands 
on the other and also to follow the history of cell inclusions 
like Golgi bodies and mitochondria in the successive phases of 
its growth. As the subject is proposed to be dealt with sepa¬ 
rately as soon as sufficient material is available, I restrict myself 
here to a short description of the formation of Corpus luteum 
which accords with the observations already published. I 
select only two stages. It has been already stated above that 
the extrusion of the ovum takes place mainly on account of 
the pressure of liquor folUculi, aided by that exerted by the 
extravasation of blood in the regions of theca externa of the 
graffian follicle. I have not observed the escape of the blood 
into the follicular space where therefore the clot noticed in the 
other mammals does not occur in Loris, but the fluid forms a 
fibrillar matrix. The greater part of the follicular membrane 
persists and initiates the formation of luteal cells by hyper¬ 
trophy. The connective tissue cells of both the thecse become 
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less long and ultimately flat when they escape into the mass 
of the enlarging follicle cells. Along with the general migra¬ 
tion of the theca cells, the blood corpuscles are also borne by 
the stream and enter the foUicular space. A large number of 
the connective tissue cells derived from the theca externa on 
reaching the cavity assume a fibrillar character which is the 
basis of the connective tissue of the Corpus luteum. In the 
first stage in which the uterus measures 36 mm. across the Corpus 
luteum is already definitely formed and the cellular modifica¬ 
tions can still be followed. Modified and unmodified follicle 
cells are demonstrable, the latter forming a layer many cells 
deep and closely adherent to the theca interna as a uniform 
lining while the former form a loose net-work of cells, appear¬ 
ing very like the structure of lymphatic glands. The chro¬ 
mosomes of these modified cells are irregular strands, with 
lumps here and there and the nucleoli occur both in the nucleus 
and the cytoplasm which is richly granular. These luteal 
cells are three to four times the size of the follicle cells in the 
lining membrane. When the connective tissue cells enter the 
follicular space and the meshes of this spongy matrix of cells, 
some assume the character of luteal cells and others become 
fibrillar. The nucleus of such cells is greatly lengthened and 
ultimately loses the staining properties. In the second stage 
which I have examined, in which the uterus measures 46 mm. 
and weighs 30.6 grms., the transformation of the cells and the 
fibres is completed. The thecal investments are thin, the 
central cavity is occupied by a few fibres and the main mass 
of the Corpus luteum is formed of greatly enlarged cells with 
hypertrophied nucleus, a large number of nuclear fragments 
and deeply staining cytoplasm full of granules. The structure 
is still spongy and the connective tissue fibres do not form 
definite bundles, but lie scattered throughout. Leucocytes and 
red corpuscles of the blood are also met with in the general 
mass. The Corpus luteum measures 0.4x .37mm., the luteal 
cells 20jLi while the follicle cells 12/t, each represents the average 
of 12 cells. There is at this period a general activity of the 
stroma cells lying outside the thecal investments of the Corpus 
luteum. In both these stages of the ovary which I have select¬ 
ed for study, the orifice of the graffian follicle through which 
the ovum escaped, has closed up and as in a future communi¬ 
cation I expect to be able to set forth a more detailed descrip¬ 
tion of the growth changes of the Corpus luteum in relation to 
the connected organs, I hope to be able to refer to the struc¬ 
tural modifications of this aperture. 
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THE SECRETION OF THE UTERINE GLANDS AND THE 
FOLLICLE CELLS. 

The microscopic preparations of the uterus of Loris in the 
resting or recuperative period show that the cells of the glands 
are histologically identical with those of the lining membrane 
of the cavity. The cells are large, slightly columnar, with a 
clear cytoplasm and basal nucleus. No nucleolus is visible. 
The chromatin occurs in a frayed condition. During the period 
of secretive activity, the cloudiness of the cytoplasm obscures 
the cell outlines and in places where the glandular cells have 
escaped into the lumen along with the secretion, it is possible 
to note the occurrence of a nucleolus both within the nuclear 
membrane and in the general protoplasm. In some cases the 
number of nucleoli may be two and even three. In Bouin 
preparations the secretion presents a fibrillar picture and in 
the material fixed in Zieglwallner, Levi, Schridde and Eegaud 
fluids it is alveolar. 

The secretion of the uterine glands occurs normally 
throughout, but becomes copious during the prooestrum and 
pregnancy. In the final phases of the prooestrous cycle, the 
lumen of the glands is filled with the hardened mass, while in 
pregnancy similar clots of secretion may often be met with in 
the chorionic vesicles. In the sections treated with Best's 
Carmine, the whole of the section is suffused with red and in 
the cells of the glands, red patches are formed near their free 
ends. This is the case during the prooestrum. These 
glycogenic areas disappear during the recuperative period both 
from the secretions and the cells, but manifest in an extended 
form even in the later stages of pregnancy. As the 6arly stages 
of the foetal development were not fixed in Zieglwallner’s 
fixative, I am unable to describe the history of glycogenic for¬ 
mation in those stages and my account refers to periods in 
which the foetus has already developed the liver. But still 
the glycogen in the uterus and in the maternal placenta is 
marked. I have not been able to ascertain the age of material 
which, however, I propose to describe in terms of weight and 
volume. The pregnant uterus fixed in Zieglwallner’s weighed 
39.5 grammes and measured across 50 mm. and the foetus had 
not developed the auditory pinnae. The chorionic vesicles of 
the foetal placenta are already fairly large and are scattered 
over the entire surface. They open into the placental crypts 
by a circular orifice, almost surmounting a duct-like prolonga¬ 
tion and the cavity of the vesicle as in Galago and Nycticebus is 
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traversed by villous outgrowths. The vesicles, in the nature of 
store houses, receive the secretions of the uterine glands as they 
are delivered and show red patches indicative of the presence 
of glycogen which is not demonstrable in the other parts of the 
foetal placenta, except in certain regions of trophoblast where 
it comes in immediate contact with tlie orifices of the uterine 
glands. I have examined the secretion of the uterus in the 
later stages of pregnancy in which it weighs 89 grammes and 
measures 45 mm. and the glycogen content is not traceable. 
It would appear that the chemical nature of the uterine secre¬ 
tion is controlled to a large extent by the resources of the meta¬ 
bolism of the foetus in the course of its development. 

The history of glycogen formation in the liquor follieuli is 
fugitive. At the time of prooestrum the changes in the his¬ 
tological structure of the stroma in the ovary are parallel with 
those occurring in the uterus. The follicle cells in this stage 
show remarkable activity and divide mitotically and the 
follicular cavity increases owing to the accumulation of the 
fluids, in those ova which have completed their development 
and are fit to be released into the fallopian tube. In the sec¬ 
tions of the ovary in the culminating periods of prooestrum, 
stained with Best’s Carmine, the greatly distended graffian 
folUcles show the presence of glycogen distributed in a series 
of faint patches, which also occur in the follicle cells in the 
immediate neighbourhood throughout the cavity. In the 
deeper layers of membrana granulosa glycogen is absent which 
occurs, on the other hand, in the cells of discus proligerus. In 
each ovary, not more than two or three such glycogen-occurring 
eggs are met with and in the unripe ones there is no trace of 
glycogen at all. Similarly, fat globules are entirely wanting in 
the unripe eggs. The ova when fully mature show the pre¬ 
sence of glycogen in greater abundance than either the liquor 
follieuli or the follicle cells. It is not uniformly distributed, 
but occurs in isolated fields of irregular outlines or as bands in 
the cytoplasm of the ovum and they are detectable mainly in 
the inter spaces of fat globules of both varieties. While for the 
purpose of glycogenic metabolism of the ovum, there is enough 
storage of carbohydrate in the body of the egg itself, its presence 
in the liquor follieuli can be accounted for either on the basis 
that the follicular cells in the period of prooestrum behaves 
in its secretory activity like the glandular cells of the uterus 
and therefore part of their function ; or that the ovum in this 
period of development draws upon this reserve for its gly¬ 
cogenic metabolism. 
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In a paper on the structure of the ovarian ovum of Loris 
(14) the present writer has described the formation of fat and 
yolk in the eggs and has shown that in the elaboration of the 
former the nucleolus almost entirely takes part, while the latter 
owes its origin to the activity of the mitochondria as well as 
the Golgi bodies. It has been noticed that the nucleolar emis¬ 
sion is multiple and not infrequently two or even three nucleoli 
may occur in the protoplasm of the ovum at one and the same 
time. Those that are extruded during the earlier stages of 
the maturation phenomena are primarily concerned with the 
elaboration of fat bodies and in these stages, no glycogen is 
demonstrable in the ova. At about the time when the chromo¬ 
somes enter upon the diplotene phase, the first two nucleoli 
which have formed the large and small types of fat globules 
are eliminated from the ovum, and a third nucleolar emission 
takes place. Like its predecessors, it moves about the general 
cytoplasm in between the fat spherules fulfilling the specific 
function of glycogen elaboration. While in the first two cases, 
small fat globules are found both in the centre and the peri¬ 
phery of the nucleoli, showing the mode of their origin, the 
nucleolus which escapes into the ovum for the last time is en¬ 
tirely free from fat and is surrounded by red patches in sections 
treated with Best’s Carmine. The other patches in the cyto¬ 
plasm indicate the positions previously occupied by the nucleolus 
and from which it has shifted in its movement before finally 
expelled. I am unable to detect any difference in the staining 
properties of the nucleoli which give rise to the fat spherules 
on the one hand and that which elaborates glycogen on the 
other. In both cases, the nucleoli retain their original volume 
and if there is any change in form it is due to the pseudopodial 
activity generally believed to occur in them. Even in the 
follicular cells and in the glandular cells of the uterus, the origin 
of glycogen is attributable to the nucleolar activity and even in 
oases where sometimes the stroma shows the occurrence of 
glycogen, it arises from the nucleolar activity of the intersti¬ 
tial cells. Fat globules do not occur in the liquor folliculi nor 
even in the follicle cells. 

The origin of fat globules in the uterine secretions in the 
procestrum and pregnancy is attributed to the degeneration of 
the decidual cells in the latter case and in the former there is no 
reliable description accounting for their elaboration. The 
appearance of fat in the uterine secretions at the time of the pro¬ 
oestrum is easily studied, but in consequence of the infiltration 
of fat droplets into the placental sinuses the study of their 



Uterine Secretion in Loris Lydekkerianus 163 


source of origin is attended with difficulties. Now in the first 
case, minute droplets of fat arise in the body of the cells of 
glandular epithelia and are delivered into the lumen along 
with the secretions. Here they run together to form larger 
spherules. Their elaboration is initiated by the nucleolar 
agency which, as I have recorded above, manifests at about the 
time when the cells assume functional activity. Fat sometimes 
occurs in the submucosa and the underlying connective tissue 
where it is formed by the nucleolus of the mucous and inter¬ 
stitial cells. They are not released into the secretions which 
escape into the uterine chambers, but their formation must 
be associated with the hydrocarbon metabolism of the tissues 
of the uterus which is heightened in the procestrum and cestrum. 
Throughout pregnancy the uterine glands are active and so 
also the epithelium of the maternal placenta. In the stages 
of the uterus which I have examined for glycogen, I have 
noticed the occurrence of fat in the trophoblast where it comes 
in contact with the maternal wall, in the secretions and loose 
cells in the placental sinuses, in the cells and secretions of the 
uterine glands, in the contents of the chorionic vesicles and in 
the lacun® and perivascular spaces of the uterus. The pre¬ 
sence of fat in the trophoblast and even in the endothelium 
of the foetus, is due to the passive absorption of fine droplets 
from the surrounding nutritive matrix and not to the secre¬ 
tory activity of the cells. At any rate, it is impossible to follow 
their elaboration in the cells concerned. Turner in his paper on 
the placentation of Lemurs (16) and Strahl (16) hold the view 
that the uterine epithelium is secretory and in Loris, the cells 
of the epithelium are identical in all respects with those of the 
glands. They are both cubical cells with active spherical 
nuclei and in the regions of depression the epithelial cells are 
actively secretory and the surface is covered with a homo¬ 
geneous mucilaginous investment. Both in the cytoplasm of 
the cells of this layer and the secretion exuding from its surface 
droplets of fat occur. In the gland and epithelial cells, fat and 
glycogen are formed through the agency of the nucleoli which 
are expelled in instalments from the nucleus. The glands 
which are present immediately in the mucosa are more active 
and the coagulum is greater than those in the remoter regions 
in the uterine folds. The mucosa glands open together through 
common orifices in the crypts and in the sections, the open¬ 
ings of the distant glands are not easily made out, but there 
can be little doubt that they also contribute to the nutritive 
secretions. The fat spherules in the mucosa and connective 
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tissues in the perivascular regions are derived from the intersti¬ 
tial cells which also become secretory as they contribute to the 
glycogen content of the uterus. The crypts or depressions 
of the uterine wall receive the villous outgrowths, mostly 
dendritic, of the allanto-chorion and there is a fairly wide space 
intervening between the two structures. Towards the head- 
end of the embryo and also on the sides, the chorion is studded 
with the vesicles which were first noticed by Hubrecht (18) 
in Nycticebus and later by Strahl (17) in Galago, and by Hill 
and Burne (19) in Chiromys. The vesicles lined by the involut¬ 
ed trophoblast and whose cavity is permeated by the villous 
ingrowths of the same layer, must have a functional importahee 
as is evidenced by the fact that the coagulum of these struc¬ 
tures contains both glycogen and fat bodies. These fat 
spherules are partly derived through this infiltration from the 
epithelial surface of the uterus but more abundantly from the 
glandular secretions. A large number of mucosa, epithelial 
and glandular cells escape into the intervening spaces between 
the chorionic villi and the uterine crypts and they bear both 
glycogen and fat to the trophic epithelium of the foetus and 
after conveying, they degenerate and form pigment granules. 

THE RELATION OF THE CELL INCLUSIONS TO THE 
SECRETIVE ACTIVITY. 

In view of the fact that the successive nucleolar emissions 
play an important part in the elaboration of important cell 
constituents, the nucleolus ought to take rank with the Golgi 
Apparatus and Mitochondria. In the secretive phenomenon 
of the ovum, the follicle cells, theglandular mucosa and inter¬ 
stitial cells of the uterus, the nucleolus fulfils a definite func¬ 
tion, viz., the initiation of fat globules and glycogen. The 
succession of emissions is correlated with the sequence of their 
formation. For instance in the fully mature ovum the fat 
spherules are already formed and they owe their origin to the 
activity of the first two nucleoli and in the final phases, 
the third nucleolus almost exclusively concerns itself with 
glycogen formation, all the hydrocarbon needed for fat 
metabolism of the egg being already developed. There is no 
difference, however, in the staining properties of the fat¬ 
forming and glycogen-forming nucleolus in the Loris ovum. 
In the follicle cells, the fat bodies are not formed and if any 
were to occur in the liquor folliculi of Loris, they are due to 
their infiltration from the egg. The nucleoli of the follicle cells 
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are therefore exclusively occupied with the elaboration of glyco¬ 
gen. Now in the case of the glandular mucosa and interstitial 
cells of the uterus, fat and glycogen are separately evolved by 
two successively extruded nucleoli and therefore in their beha¬ 
viour they correspond with those of the ovum. In all cases 
where glycogen formation can be followed with accuracy, it 
is noticed that the area of cytoplasm immediately surrounding 
the nucleolus concerned, there is a deposit of tine granules which 
stain red with Best’s Carmine and those formed first near the 
nucleolar membrane in the form of a zone are i)ushed outwards 
as fresh ones develop. The amount that could be formed in 
any particular area is limited as it must depend upon the avail¬ 
able carbohydrate in the cytoplasm of that particular region. 
The nucleolus having given rise to a glycogen patch nearly 
three times its diameter, next pushes forward to another area 
only in the ovum and not in the other kinds of cells which have 
been studied where it is expelled. It is not unusual to find two 
or three glycogen districts in the body of a full-grown ovum 
from which also the nucleolus is finally eliminated, like the 
fat-forming nucleoli. By the time this last nucleolus arrives 
in Cumulus proligerus, its predecessors will have disintegrated 
and absorbed by the follicle cells which meet out a similar 
fate to the latest arrival. The extruded nucleoli of the gland, 
mucosa and interstitial cells are seized by the wandering leu¬ 
cocytes which eliminate them. 

As described in a previous paper (14), the behaviour of 
the Golgi apparatus and of the two kinds of mitochondria in the 
formation of yolk in the ovum of Loris has been described, it 
is unnecessary to refer to them here. But it must be recalled 
that after the elaboration of yolk no part of the Golgi apparatus 
is shed from the ovum, this is particularly because no part of 
the contents of the ovum escapes from its body surface. 

In the follicle cells, the Golgi bodies occur in the form of 
a nuclear cap, composed of three or four rodlets which are 
reticulated. This is easily demonstrable in silver nitrate 
and Mann-Kopsch preparations. In the glandular, 
mucosa, interstitial and epithelial cells of the uterus, the 
apparatus forms a more compact net-work in which the number 
of rodlets cannot be counted. There is a definite polarity in their 
location in the follicle cells, glandular, mucosa and epithelial 
cells always occurring on the free surface. The nucleus lies 
as has been noticed by previous investigators of this subject on 
the far side of the free surface. The mitochondria are only 
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made out with difficulty in the follicle cells and where discover¬ 
ed, they occur in the form of dust at both poles of the nucleus. 
In the other cells enumerated above, they are line granules aggre¬ 
gate at the ends of the nucleus with a thin layer on the sides also. 
The onset of the glycogen activity of the cells which takes place 
simultaneously with the general secretory phenomenon is 
indicated by the formation of granules and a cloudiness of the 
cytoplasm. These granules preponderate at the far end of the 
cell body. In this stage the only way of distinguishing the 
mitochondria from the secretory granules, is the size and 
staining property. The mitochondria give up their position 
and become distributed throughout the cell mass. Either 
on account of the mechanical pressure exerted by the newly 
formed granules, or because of their own spontaneous activity, 
the Golgi apparatus becomes loose and forms a close cap over 
the nucleus. I am unable to state whether the Golgi rods take 
part in the elaboration of the secretory granules or even mito¬ 
chondria, but it is clear that they play no r61e in the elabora¬ 
tion of glycogen which is developed like the fat spherules almost 
exclusively by the nucleolar agency. The first nucleolar 
emission,—a nucleolus being absent from the cells in the glands, 
mucosa and epithelium during the resting period, heralds the 
first phase of the secretory cycle, during which the fat bodies 
and granules are established and on the expulsion of this, the 
second nucleolus is extruded which concerns itself in the forma¬ 
tion of glycogen. During all this period, the mitochondria 
keep changing their position owing to the movement of the 
general cytoplasm consequent upon the appearance and arrange¬ 
ment of new secretory bodies. This must also be the cause of 
the shifting forwards of the nucleus which carries before it the 
Golgi apparatus and such portions of mitochondria as may 
lie between it and the free surface of the cell. The release of 
the secretion from the cell body is in the nature of the rupture 
of the cell outline which delivers it into the lumen or cavity. 
A few Golgi rodlets, mitochondria and the secretions including 
fat globules escape. This is applicable to the uterine gland 
cells, mucosa, interstitial and epithelial cells. But I have not 
noticed such escape of Golgi batonetts from the follicle cells 
whose wall is more resistant. The delivery of secretions into 
follicular cavity perhaps takes place in the form of trans¬ 
fusion. The glandular cells after the pouring out of secretions 
undergo shrinkage, when the nucleus returns to the base and 
brings back those Golgi rodlets which have not been expelled. 
They re-arrange and multiply by splitting and form a compact 



Uterine Secretion in Loris Lydekkerianus 167 

dense mass. The mitochondria readjust themselves in the 
characteristic position. It frequently happens that during 
great active phases of the glands, some of the cells themselves, 
especially the non-cubical or flat ones, escape into the lumen. 
Such cells after retaining for some time their definite shape 
and their inclusions, degenerate and if they occur in the mucosa, 
are seized by the leucocytes and are eliminated or if they occur 
in the cavity of the uterus or lumen of the glands, disintegrate 
and form melanin granules. During the prooestrum, great 
areas of the epithelium are shed and their cells degenerate 
and stain very deeply with haematoxylin. Even otherwise they 
form dark masses. I must state at once that the observations 
which I have recorded here on the behaviour of cell inclusions 
in the Lemur are in accord with the results obtained by the 
previous investigators and in the case of the glycogen formation, 
I attribute it to the nucleolar agency. 

SUMMARY. 

The South Indian Loris breeds twice in the year. The 
number of dioestrous cycles is limited to two. The prooestrum 
is characterized by a very slight sanguineous discharge and 
swelling of the external genitalia. During this period the 
testes of the male descends into the groin and produces swellings 
externally. The menstrual cycle may be divided as in the case of 
Primates generally, into (1) The period of rest; (2) The period 
of growth ; (3) The period of degeneration; and (4) The period of 
recuperation. During the period of growth, the congestion 
of the epithelium is localized, being confined to the anterior 
division of the uterus, while hyperplasia of vessels takes place 
practically all over the stroma and immediately below the 
mucosa. Extravasation of blood from the ruptured capil¬ 
laries and the delivery of the secretions of glands together 
with pieces of glandular tissue take place during the degenera¬ 
tive period. The epithelium is shed over the whole of the 
anterior cornu of the uterus, while none of these changes occur 
towards the vaginal end. The changes taking place in the 
stroma and the re-establishment of the epithelial lining in the 
case of Loris are in accord with observations of Heape on Semno- 
pithecus (Pithecus) entellus. The walls of the capillaries and 
arterioles are formed by the interstitial cells, and new vessels 
are established by the outgrowths of capillaries which meet 
those lacun® which have not closed up. 

It has not been possible to determine whether ovulation 
synchronizes with menstruation. During prooestrum the 
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ovary swells out owing to the congestion of the blood vessels, 
the finer capillaries breaking out. Lacunae filled with Coagulnm 
also appear in the stroma. The repair of the ovary is notice¬ 
able in secretions taken during pregnancy. 

The formation of Corpus luteum has been studied in two 
stages of advanced pregnancy. The luteal cells are derived 
from the follicle cells as well as those of the external and internal 
theca. The connective tissue matrix of Corpus luteum which 
forms a very loose frame-work is derived from both the thecse. 
The blood clot noticed in the follicular space of other mammals 
does not occur in Loris in which there is no extravasation of 
blood into this cavity. 

The epithelial cells are plump and cubical and are histolo¬ 
gically and therefore functionally identical with the glandular 
cells. The secretion occurs normally throughout, but stimulated 
to greater activity during the prooestrum and pregnancy. 
Glycogen occurs in one or two patches in the fully grown ovum 
in the liquor foUiculi, in the gland, mucosa, interstitial and 
epithelial cells during prooestrum and the early stages of preg¬ 
nancy. It is elaborated in the cytoplasm by the activity of 
micleolus in every case. The nucleohis according to the order 
of emission has a dual function ; the one extruded first ela¬ 
borated fat globules (except in the follicle cells), and that 
extruded last concerns with the formation of glycogen. The 
formation of fat and glycogen does not take place simultane¬ 
ously. 

The Golgi apparatus and mitochondria do not apparently 
take any part in their formation. They are disturbed from 
their normal positions during secretory activity of these cells 
and when the secretion is released, some of the Golgi rodlets 
and mitochondria (except in the follicle cells) are extruded 
owing to the rupture of the cell membrane at the surface. This 
is helped by the movement or change of position of the nucleus 
itself which shifts to the free margin during the release of secre¬ 
tion. The remaining rodlets by multiplication, reconstruct 
the entire apparatus and the mitochondria regroup themselves 
in the polar regions and sparsely on the sides of the 
nucleus when the cell returns to the quiescent condition. 
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LEHERING. 

be. 

. . 

Blood corpuscles. 

bv. 


Blood vessel. 

C. 


Uterine chamber. 

Cap. 


Capillary. 

cv. 


Chorionic villi. 

ep. 


Degenerate uterine epithelium. 

etc. 


External thecal cells of Corpus 
luteum. 

f. 


Fat bodies. 

fc. 


Follicle cells in a state of conver¬ 
sion into luteal cells. 

fm. 


Follicle cells in a state of mitotic 
division. 

fn. 


Nucleolus producing fat. 

g. 


Golgi bodies. 

gc- 

• « 

Extruded glandular cells. 

go. 

• • 

Glandular epithelium. 

gl. 

• • 

Glycogen. 

glc. 

• • 

Glycogen-bearing gland cells. 

gn- 

« • 

Nucleolus producing glycogen. 

itc. 

• « 

Internal thecal walls of Corpus 
luteum. 

L. 


Lacunse in the region of sub¬ 
mucosa which by widening pro¬ 
duce the shedding of layers of cells 
in the period of menstruation. 

1. 

• • 

Lacunee in the stroma which give 
rise to fresh blood vessels in 
the resting period. 

Ic. 

• . 

Luteal cells. 

m. 

• • 

Mitochondria. 

me. 

• • 

Migrating stroma cells re-estab¬ 
lishing the mucosa and sub¬ 
mucosa. 

Mm, 

• • 

Worn out sub-mucosa extruded 
with the menstrual clot. 

F 
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n. 

Nucleolus. 

pv. 

.. Placental villi. 

s. 

Glandular secretion carrying away 
before it fat, golgi rods, mito¬ 
chondria and nucleolus. 

sc. 

.. Epithelial cells in secretory acti¬ 

vity. 

sc'. 

Stroma cells in mitotic division. 

Sg. 

.. Secretory granules. 

sgl. 

Secretion in glandular cavity ^con¬ 
taining glycogen and fat. 

sm. 

Sub-mucosa. 

st. 

.. Stroma and connective tissue cells. 

t. 

Trophoblast. 

tf. 

.. Thecal fibres of Corpus luteum. 

ue. 

.. Uterine epithelium. 

V. 

., Chorionic vesicle. 

vac. 

.. Vacuoles in the sub-mucosa. 

Vv. 

.. Villi of the vesicle. 

wc. 

White corpuscles. 


EXPLANATION OF FIGURES. 

Fig. 1. These have been drawn from Levi preparation and 
details from Mann-Kopsch material have been 
added. 1-4. Glandular cells of the menstruating 
uterus of Loris in four stages of secretory activity 
in which the history and the part played by the 
Golgi apparatus and mitochondria in the elabora¬ 
tion of secretions can be easily followed. 2-7. 
Follicle cells. In 3 and 4 two nucleoli are seen, 
one of them marked n is concerned with the pro¬ 
duction of glycogen and the other elaborates fat. 
Similarly in 6 and 7. 

Fig. 2. Section of Corpus luteum passing through the surface, 
hence looks solid. The external and internal thecal 
and follicle cells contribute to the formation of 
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luteal cells and the fibres are seen radiating 
towards the centre from the theca. The ovary 
belongs to a gravid female Loris. Mann-Kopsch 
preparation (seven days in Osmic acid). The 
details of cell contents have been omitted from 
the figure. 

3. The graffian follicle with the ovum of Loris at the 

time of menstruation. There are three nucleoli in 
the ovum, two fat-producing and one glycogen- 
producing type. Zieglwallner fixation followed by 
Best’s Carmine. The Golgi body, mitochondria 
and fat in the liquor folliculi have been added 
from the second ovary of the same sj)ecimen 
fixed in Mann-Kopsch. 

4. Section of the uterine glands of a menstruating 

Loris. Zieglwallner fixation followed by Best’s 
Carmine. The composition of the glandular 
secretion and how it clogs the entire cavity can 
be noticed. 

5. Structure of the resting stage of the uterus of Loris 

which has passed through the dicestrous cycle. 
The epithelial cells retain secretory activity and 
the lumen of the glands is filled with secretory 
Coagulum. Levi fixation. 

6. Section through the anterior region of the uterus 

of Loris in prooestrum. The lacnnau which arise 
between the sub-mucosa and stroma have widened 
so as to cause the dehiscence of the layers. The 
vacuoles which produce the degeneration of the 
mucosa cells are seen. The great activity of the 
stroma cells and their migration towards the 
dehiscing surface are seen. The capillaries at Cap. 
may be noticed to give off oiitpushings which by 
coalescence with the laennsB (1) in the stroma, 
establish fresh blood vessels in the place of the 
ruptured ones. The epithelial layer of the uterine 
glands has shrunk considerably, the cells having 
discharged the secretion together with effete cells. 
Zieglwallner fixation followed by Best’s Carmine. 

7. Section through Chorionic vesicle and a portion of 

tlie foetal placenta of Loris. The vesicular villi 
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in some regions form an anastomosis and the com¬ 
position of the vesicular contents is miscellaneous. 
In this stage the glycogen is confined to the 
vesicle and fat occurs only rarely. Zieglwallner 
fixation followed by Best’s Carmine. 

Fig. 8. Section of the upper region of the uterus of Loris in 
dicBstrum. At ‘a’ the entire glands have been 
washed away and at ‘z’, the glands are shown in 
different stages of detachment from the sub-mucosa. 
The great activity of the cells in reconstructing the 
glands can be noticed at ‘a’ where the cells are 
dividing. In the prooestroiis phases, the same cells 
divide mitotically. The migration of tlie stroma 
cells for the formation of the mucous and sub-mucous 
epithelial layers is also noticeable. The formation 
of vacuoles in the glandular cells and in the mucosa 
is identical and is the cause for their dehiscence. 
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THE GYMNOPHIONA OF MYSORE. 

By B. E. Seshachae and M. S. Muthuswamy Iyer. 
{Department of Zoology, Central College, Bangalore.) 


The Oymnophiona {Lissamphibia, Coeciliae, Apoda) con¬ 
stitutes a very interesting group of Aniphihia exhibiting many 
primitive characters. Their liabits, structure and develop¬ 
ment are but scantily known. They are characterized by an 
elongated body exhibiting circular rings, tlic absence of limbs, 
a rudimentary tail (which may be entirely wanting) and dermal 
scales embedded in the skin. The animals are burrowers and 
the largo quantity of mucus secreted by the skin assuredly 
aids them in their progression. 

The group contains twelve genera which have a curious 
distribution. They arc generally restricted to llie Neo¬ 
tropical, Ethiopian and Indian regions, being, however, entirely 
absent from Madagascar. Three genera arc represented in 
India,— Ichthyophis, Ura;otyphlu8 and Gegenoplm. The work 
of the Sarasins in 1890 {Brgeh. Naturw. Furchen. auf Ceylon, 
Bd. 2) who were almost the first to describe extensively the 
anatomy of Ichthyophis glutinosus from Ceylon, was the starting 
point of numerous memoirs on the anatomy and develop¬ 
ment of the Oymnophiona. The works of Brauer, Marcus, 
Kuhlenbeck, Peter and Semon are amongst the more 
important. Still, our knowledge about the bionomics of this 
interesting group of animals is very meagre. 

It is generally known that Ichthyophis and its Indian con¬ 
geners are found in the tropical forests of the Western Ghats, 
the Khasi Hills and other mountain ranges of India, Burma 
and Ceylon. Probably Ichthyophis is the most common of 
these three Indian genera. It has two species: I. glutinosus 
and I. monochrous. The former, which is the more common 
of the two, is characterized by the presence of a bright yellow 
lateral band. The dorsal surface is dark brown in colour and 
the ventral surface is pale brown. The distance between the 
two eyes in this animal equals the length of the snout. The 
species attains a length of 16 inches. Ichthyophis monochrous, 
on the other hand, does not possess this yellow lateral band, 
its colour being steel blue above and pale yellow beneath. The 
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head is broader and consequently the distance between the two 
eyes greater than the length of the snout. Though Boulenger 
mentions the length of this form as 13 inches, we have in our 
possession specimens much larger, in fact, even larger than 
I. glutinosus. A well-grown specimen may attain the length 
of 16 inches. 

In October 1931 the staff and the students of the Zoology 
Department, Central College, while on an excursion, collected a 
few specimens of Ichthyophis glutinosus from Kottigehar, about 
200 miles from Bangalore in the Western Ghats. This was the 
first time they were reported from Mysore State, though this is 
not a fact of great importance as the Western Ghat range 
continues along the western boundary of the State. Being 
interested in the gametogenesis and other allied studies of this 
animal, we recently paid another visit to the area with a view to 
collect more material and to study the habits of the species in 
general. In this we were very successful, being able to collect 
a large number of adults and young ones. We have brought 
home some specimens alive and are trying to rear them in the 
laboratory providing the animals an environment as natural as 
possible. But we find this a matter of considerable difficulty 
as the animals in confinement tend to become cannibalistic. 
The larger and more powerful ones nibble away the akin and 
muscles of the younger larvaB. One morning we found half a 
dozen larvae dead due to the numerous injuries inflicted on their 
bodies by the older animals. We have, as a corrective measure, 
segregated the older animals. 

The adult Ichthyophis glutinosus occurs in a variety of 
situations. Specimens have been collected from the roadside, 
below boulders and fallen tree trunks, from old and dilapi¬ 
dated houses, under hayricks and in the forests themselves 
in rotten timber and under decaying vegetation. The local 
peasants call it “ Hithalu Mandla ” (Backyard snake) on 
account of these animals being not infrequently found under 
haystacks and piles of fire-wood stored in the backyard. The 
local coolies and farmers, when they encounter these animals 
in their i)roeesses of clearing the forests for converting them into 
coffee, tea and cardamom plantations, destroy them in large 
numbers believing them to bo snakes. 

Ichthyophis is a burrowing animal and its entire organiza¬ 
tion is excellently adapted for this habit. The long snakelike 
body, the absence of limbs, the well-developed and com¬ 
pact skull and the large quantity of mucus secreted by the 
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glands of the skin are the more important modifications conse¬ 
quent on this fossorial habit. lehthyopMs is capable of 
burrowing not ouly by its anterior end but by its posterior 
end as well. The anus, which is a longitudinal slit, is subter¬ 
minal and dorsal to it, the cylindrical body ends in a sharp 
point, which must undoubtedly aid the animal in burrow¬ 
ing by the hind end. But it seems to us that the burrowing 
capacities of IchthyopMs gluHnosm are, however, limited and 
are exercised only when tlie earth is soft, moist and yielding. 
During the drier months of the year and in dry situations, the 
animal tries more to hide under stones and rotten wood than to 
burrow. 

It is very interesting to note that while the young one 
lives in water, the adult is rarely, if ever, found in this element. 
If forcibly thrown into it, the animal swims about actively 
with horizontal undulations of the body, very much like a snake 
and rapidly seeks the nearest piece of land. Prolonged and 
forced immersion in water causes death by drowning. 

It is curious to watch Ichthyophis glutinosus move on land. 
On moist ground and amidst wet leaves and grass it moves about 
freely and it is indeed difficult to secure the animal in such 
situations. The animal slips away and lies motionless under¬ 
neath the leaves, the dark brown body harmonising with the 
rotten vegetation. This is distinctly a reptilian habit. Even an 
experienced collector will miss some specimens, which slip out 
of the hand easily due to their great muscular power and their 
slimy secretion. If an animal is carefully wiped with a piece of 
cloth and placed on a dry table, it appears to be helpless, hops 
about in great distress and lies still after a time. In this con¬ 
dition, the skin is dry and glistening and there is no trace of 
any mucus secretion. Probably the activity of the glands is 
governed by the condition of the soil, the glands being of use 
only in a moist environment. 

Ichthyophis is harmless and can be handled with great 
safety and ease. If roughly treated or irritated, however, the 
skin exudes quantities of a creamy coloured fluid which emits 
a strong smell of musk and tobacco. Probably this has poison¬ 
ous qualities, but it has no appreciable effect on the human 
skin. The same phenomenon is noticed when the animal is 
either chloroformed or dropped into rectified spirits. 

The tentacle is an organ of great significance in the Gymno- 
phiona. Its position on the upper lip is of systematic impor¬ 
tance. It has been thoroughly examined in Ichthyophis 
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glutino8U8 by the Sarasins and more recently by Englehardt 
(Jenakehe Zs. Naiurw. 60,1924) and fully described by them. 
It is a conical structure found in the maxillary groove and 
protruded by turgescence due to the flow of blood into it. 
When the animal is moving undisturbed the tentacle is 
protruded and retracted at regular intervals of about a 
second. When it is handled roughly, however, it becomes 
exceedingly vicious, biting savagely and the tentacle is seen 
protruding and retracting with great rapidity : when dead, 
the tentacle invariably is in an extended condition, lying 
limply on the side of the snout. 

IchthyopMs is essentially a solitary animal. We have 
never come across more than one individual in a place. In 
captivity, however, the animals tend to huddle themselves in 
a tangle. This is especially so of young ones. 

IchthyopMs glutinosus, according to the Sarasins, breeds 
at the onset of the monsoon and the eggs are laid by the side of 
the water in a burrow. The eggs are fairly large and about 
two dozen of them are laid at a time. The female coils round 
the egg mass and protects it from other burroAving creatures. 
The most interesting part of the life-history is passed through 
within the egg membrane where the embryo develoi)S three 
pairs of external gills and grows at the expense of tlie large 
quantity of yolk found in the egg. The embryo hatches out 
when it is surprisingly long, nearly 6 cms., by which time the 
external gills are lost but on either side a single cleft, the spira- 
culum, is present. 

With all our efforts, we could not obtain the eggs of 
IchthyopMs. But a large number of larvae is in our collection. 
The smallest is about 6.5 cms. in length. Many of these were 
collected in the tiny brooks that run along the hill slopes 
at Kottigehar in the coffee and the cardamom plantations. 
The larva of IchthyopMs is a very interesting animal. It has a 
smooth skin and a tiny tail fin. It breathes air and comes to 
the surface of water occasionally for the purpose. The young 
larva does not burrow but occurs in little puddles of water 
along the brooks on the hillside. Correlated Avith this free- 
living habit are the eyes which are better developed in the 
larva than in the adult, where due to the fossorial habit which 
the latter have assumed, the eyes have suffered a degeneration 
which is maximum in the Indian genus (iegenopMs Avhere the 
eyes are beneath the cranial bones. 

Probably correlated Avith the steep hillsides where they 
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occur and with the rapidity of the streams, the laryae have 
developed another curious structure. The lips are tumid and 
thick reminding us of some of the allied structures found in 
certain hill stream fishes. We are not able to say whether the 
structures are of use to the animals in making them cling 
to the substratum or to some foreign object to prevent being 
washed down the stream but it is interesting to note that the 
young larva is not a burrower and must possess some means by 
which it averts the danger of being washed down stream. The 
thick lips are provided with very sharp rows of teeth which line 
their margin. 

About the food of these animals we are not able to say 
much at present. It has alreadj^ been mentioned that in 
captivity, at any rate, the animals tend to become canni¬ 
balistic killing their weaker and younger brethren. We have 
been feeding the animals on termites and earthworms in the 
laboratory. The latter they devour with great avidity, for the 
animals swallow live earthworms as a python does its prey, 
the whole process taking not more than a few minutes. One 
of the planters complained to us that the animal destroys 
the cardamom crop breaking open the fruit but we doubt such 
capacities on the part of the animal. While the small numerous 
teeth can be used for nibbling soft objects, they are. it appears 
to us, incapable of doing such active damage. We shall report 
about the food of these animals after making further observa¬ 
tions. 

The other species of Ichthyophu (/. monochrotiM), we were 
not able to collect at Kottigehar. But two magnificent speci¬ 
mens were collected by the students of the Zoology Depart¬ 
ment at Perambikulam in 1930. Messrs. A. Narayan Rao and 
L. S. Ramaswami who were in charge of the expedition inform 
us that the animals were found in the hollows of rotten bamboo 
plants. 

Another point of some importance concerns the breeding 
seasons of the two species of Ichthyophis, An examination 
of the testes of the two species collected at about the same time 
in the year (October) reveals an interesting feature. While 
the testis of Ichthyophis gluiinosus is active and clearly indicates 
spermatogenesis in progress, the locules of the testis of 
I. monochroua are empty but for a few residual spermatogonia. 
Probably the breeding seasons of the two differ. 

Further observations on the habits of these interesting 
animals will appear later. 



THE CRANIAL ANATOMY OF 

GL YPHOGLOSSUS MOLOSSUS (GUNTHER). 

By L. S. Eamaswami, M.Sc. 

{Department of Zoology, Central College, Bangalore.) 


In a previous paper (10) the cranial osteology of the endemic 
Engystomatid genera, viz., Cacopus, Kaloula and Microhyla, 
was reported with the object of estimating the correct position 
of this presumably primitive group of Anura. A large number 
of primitive features in tlie organization of thes<'. three narrow¬ 
mouthed toads has been described. The object of this paper 
is to place on record the salient features in the cranial osteo¬ 
logy of the interesting Engystomatid, Olyphoglossus molossus, 
and to note if there are any points of difference or comparison 
between this and the other three, genera previously described. 
It is to be noted, however, that Clyphoglossus is not indigenous 
to Mysore and therefore the study of it becomes all the more 
important in establishing the relationship of the group Bngysto- 
matida) as a whole. A single specimen of OlypJioglossus was 
secured by Boulenger (1) from Irrawady delta and Pegu, which 
seem to be its natural place of occurrence. Specimens have 
also been reported from Siam. 

Among the earliest workers on the cranial osteology of 
Anura, mention must be made of Gaupp (5) whoso ‘ Anatomie 
des Frosches ’ is an invaluable aid in the study of Anuran os¬ 
teology. Eeeently, however. Dr. Villiers has studied the South 
African Brevicipitid® and the aglossal anura chiefly from the 
aspect of the cranial characteristics. In the Brevicipitid Caeo- 
sternum (16) Villiers recognizes the predominating Eanid features 
and remarks that ‘ there is however very good reason to 
believe, that Cacosternum is a Eanid as well.’ Similarly M. 
Smith (11) after a careful scrutiny of the skulls of Phryndla 
aud Kaloula with regard to the differences between the pala¬ 
tine and the vomer, has since abandoned treating them 
together. Further, in a single genus itself as noticed by Parker* 
for Microhyla the palatine is present in some while wanting in 


* See BuU. of the Raffles Museum, Singapore, No. 3, April 1930, p. 122. 
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others. The absence of the palatine has been observed in 
Microhyla rubra by me. 

I am indebted to Prof. A. Hubba Kau for a fairly adult 
specimen of Olyphoglossus from his collection, for which act of 
kindness I am thankful to him. My warmest thanks arc due 
to Prof. C. R. Narayan Rao for guidance and direction. 

The head was decalcified in 70 per cent, alcohol containing 
1 per cent, nitric acid. Sections 10 microns thick were cut and 
stained in Bismark brown, picro-indigo-carmine, Hscmalum- 
eosin and Mallory. 

At the outset it must be pointed out that Glyphoglossus 
stands apart from the other members of the group Engys- 
tomatidse in very many features. Both the pronasal cartilages, 
the superior and inferior, are present and support the pre- 
maxillsB. 

THE OLFACTORY CAPSULE. 

The cartilaginous framework of tlie nasal region is simple 
and possesses the characteristic structures described by Gaupp 
for Bana, However, from the cartilago obliqua depends the 
plica and the characteristic Gaupjiian wulste is absent. A 
vestigial recess sacciformis may be noticed. In Cacosternvm (16) 
where a well-developed recess is present the septomaxillary 
forms a capsule for it. But, in forms like Phrynomerus (15) 
and Olyphoglossus, since the recess is vestigial the septomaxil¬ 
lary bears no relation to it. Whether the septomaxillary is 
separated from the superior lamina or not, is not possible to 
be made out in my sections since my preparations do not 
show it clearly on account of long preservation in alcohol. At 
any rate the position of the septomaxillary and the vestigial 
nature of the recess could be easily made out. The other 
features are exactly as those described by Gaupp for Bana. 
The cavum inferius bears a thickened part towards the septum 
nasi which has been compared with the organ of Jacobson. 
The olfactory nerve innervating this part of the nasal organ 
passes through a groove or canal in the septum nasi. This 
feature is, however, peculiar to Olyphoglossus and not noticed 
in Kaloula, Microhyla and Cacopus, Further the septum nasi 
is extraordinarily thick in Olyphoglossus and unlike Cacopus 
no trace of ossification can be npticed in it. 

In fact a feature of difference which is apparent at the 
first sight between Kaloula and Olyphoglossus is the thickness 
and the passage of the nerves in the septum in the latter, while 
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in the former the nerves run in close companionship with the 
glandula nasalis medialia. At about the same region in Gly- 
phoglossus the thin investing nasals make their appearance. Tn a 
slightly posterior region the nasals arc large and they never 
extend laterally towards the maxilla. Even the planum ter- 
rainale which is thick and short-, is uncovered by the nasal 
in which feature Glyphoglossus differs from Microhyla and 
resembles Rana, 

It is to be remarked, however, that the cavum inferius 
opens either directly into t.h(‘ buccal cavity or through the 
intervention of a separate chamber, called the prechoanal sac. 
Both these features are noticed in the Bouth Indian Engys^ 
tornatida? as already reported. Jn the tadpoles of Gacopus 
the choanse op(m into the prechoanal sac in which character they 
resemble the tadpoles of the South African Phrynomerus (15), 
and when they assume adult conditions the choanje bear 
no relation whatsoever to the vestigial i)rechoanal sac. On the 
other hand, the tadx)oles of Mierohyla and possibly those of 
Kaloula also, possess no anlage of a prechoanal sac, while 
in the adults of these examples and also of Phrynomcrus (15), 
the cavum inferius opens into two sacs which have been com¬ 
pared to the buccal 
division of the organ 
of Jacobson, and 
these sacs ultimately 
open into the buccal 
cavity. While these 
relationships of the 
opening of the narial 
chambers are so 
complicated in these 
examples, in Gly- 
phoglossus, it is ex¬ 
tremely simple. The 
cavum inferius opens 
directly into the 
buccal cavity (see 
Fig. 1) and it is not 
possible to say if it opened into an anlage of a prechoanal 
sac in the larval conditions since I have not been able to 
study the tadpoles. In possessing no prechoanal sac there¬ 
fore, Glyphoglossus diverges totally from its South Indian 
and South African congeners and resembles Rana, But in 
Rana the eminentia olfactoria is flat and is unsupported 
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Fig. 1. 

Transverse section of Glyphoglossus in the region 
of the choana. 
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by a cartilaginous axis; in Olypho^lossus the eminentia is 
thick and supported by broad cartilaginous axis which is an 
extension of the solum nasi. 

At the base of the solum nasi the vomer makes its 
appearance and unlike the BrcAncipitidaB and Microhyla no 
extension of the vomer seems to embrace the choansp in 
Glyphoglossus, The antorbital cartilage is invested by the 
palatine near the choanal end and towards the maxillary is 
noticed the pterygoid bone on the dorsal aspect of the cartilage. 
Moreover towards the recess lateralis also, in the antorbital 
region and also where the antorbital cartilage uniters with the 
tectum nasi another investment is noticed similar to the 
pterygoid investment. Tn the sections taken in the hinder 
region, it is noticed that this ventral investment joins the 
pterygoid bone and remains as an internal investment of the 
pterygoid cartilage. 8uch an investment I have not noticed 
in the South Indian Engystomatidse that 1 have examined. 

The frontoparictals appear just when the choanje commence 
to disappear from the sections. They are very well developed 
and are closely apposed, supporting thereby the statement of 
Boulenger that the Engystotnatidse are devoid of a fontanellc. 
But Villiers describes the presence of a frontoparietal fontanelle 
in most of the South African forms. 

The ossification in the ethmoid region is extremely feeble. 
It may almost be said that the os en ceinture is absent from my 
specimen of Glyphoglossus while 
the extensive ossification in the 
ethmoidal region is greatly mani¬ 
fest in Cacopus and Kaloula and 
this abbreviation is noteworthy in 
Olyphoglo88U8. Figure 2 shows 
the frontoparietals, the three 
pieces of cartilage dorsally and 
a large one ventrally,—all the 
four being derivatives of the Fig. 2. 

trabeculae. This ventral trabecular Transverse section of the head of 
derivative divides the os en Glyphoglossus imbe region oi tho 
ceinture into a right and a left frontoparietals. 

half in the South Indian Engys- 

tomatidse. Since the ossification is itself feeble in Olyphoglo8sn8 
such a division is not possible to be made out. Except for two 
patches of ossification in the cartilage on either side of the 
brain in this region, no other ossification can be noticed. 
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Such a feeble ossification should not excite surprise since no 
sphenethmoid or os en ceinture is noticed in the case 
of Probreviceps (20). 


THE EAR REGION. 

The otic region presents certain peculiarities which I have 
not noticed in the other Engystomatid examples that I have 
examined. The occurrence of a hidden tympanum and the 
‘ extraplectral ’ cartilage and also tlie incomplete annulus 
seem to be a distinguishing feature of the group Engystomatidse, 
though in a Ranid example Arthroleptella (13) Villiers has 
noticed the presence of an incomplete sickle-shaped annulhs 
tympanicus. 

Three Figures (3,3a & 36) are drawn to represent the middle 
ear and the associated structures. In the region where the 



pmp. 



Figs. 3—3c. 

Transverse sections of the middle ear region and 
associated structures of Glyphoglossns, 


extraplectral has made its appearance a 
sickle-shaped annulus tympanicus can be 
seen. Moreover dorsal to the annulus, the 
paraquadrate ossification can also be seen. 
The pterygoid which is to a side is noticed 
to invest the pterygoid cartilage. The 
quadratomaxillary which in previous sections 
is completely osseous is seen in this region (Fig. 3) investing 
the quadrate cartilage. Soon, the paraquadrate is seen to 


3c. 
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invest the extended quadrate cartilage and the quadrato- 
maxillary has disappeared from the sections (Fig. 3a). 
The last Figure (36) shows the union of the pterygoid 
cartilage and the quadrate. The figure also shows the 
ventral end of the annulus tymiianicus, the small middle ear 
and the pars externa plectrum. Ventral to this pterygoqua- 
drate cartilage is the Heckle’s cartilage. The dermarticular 
investment is absent from sections in this region. Section 
3c shows the opening of the Eustachian tube and the pars 
media plectrum. This appearance of the opening of the Eus¬ 
tachian passage is due to the fact that the middle ear seems 
to take a slight bend before it opens by the said passage. The 
ventral end of the annulus tympanicus in Kaloula establishes 
a connexion with the crista parotica by means of a cartilage. 
This cartilage and also the commissural one between the 
crista and the pars externa called the pars ascendens are both 
wanting in Olyphoglossus. 

The attachment of the pars media plectris with the otic 
capsule is interesting. In Figure 4a the pars media has at¬ 
tached itself to the wall and its maximal attachment is noticed 



4a« 4b. 4c. 4<L 


Figs. 4a-4d. 

Transverse ^sections o! the ear region of Glyphoglossus showing the 
attachment of the columella. 

in Figure 46, where the sheath-like appearance of the 
columella (pars media) is lost. In Figure 4c, the operculum 
(stapes) makes its appearance and the knob to which the oper¬ 
cular muscle is attached is shown in Figure 4d. The condi¬ 
tions enumerated here closely correspond to what has been 
described for J*hrynomeru8 (16) by VilUers. 

THE LOWER JAW. 

The lower jaw in the South Indian Engystomatidae and in 
Glyphoglossus confomrs to a common plan. At the symphisial 
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region a little ossification (possibly the prerostral) is noticed. 
The mentomeckelian ossification is very extensive in GlypJto- 
glo88us (Figures 5, 5a & 5&) and rather feeble in Mlcrohyla 


(Figures 6 & 6a), 

CacopuH (Figure 7) 
and Kaloxda. From 
the mentomeckelian 
no b a c k w a r d 1 y 
directed i)roces8 can 
be observed in these 
forms as described 



by VilUers for PTiry- 
nomeriis (15) and 
Brevieeps (19). No 
sooner the mento¬ 
meckelian bone dis¬ 
appears from the 
section, a rod-like 
cartilage other than 
the one invested by 



the dentary and the 
angular is noticed at 
this region in the 
sections. To this part 
of the Meckelian 
cartilage is attached 
the submentalis 
muscle. A reference 
to the presence of a 
rod-like cartilage 



running parallel with Figs. 5—5b. 

the lower jaw has Transverse section of the jaw of Glyphoglossus. 
been made by 


Devanesan (2) and it is now shown definitely that it is a lateral 
epiphysis of the Heckle’s cartilage uniformly occurring in the 
EngystomatidaB. The dentary is independent of the men¬ 
tomeckelian bone and establishes no connexion with it. 


Dorsal to this ossihcation is seen an unconnected piece of 
cartilage in Olyphoglo88U8 whose exact significance I am not 
able to determine. 


The muscle submentalis is excessively enlarged and the 
M. geniohoides is therefore pushed up and the M. hyoglossi 
assume a lateral position. The exaggerated development 
of these two former muscles which are believed to be responsible 
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in opening and closing the mouth and narial apertures, is to 
be closely correlated with the life habits of these narrow¬ 
mouthed toads. Cacopus at least lives for six months during 
the year buried under the earth while Kaloula and Microhyla 
live in wet earth and very little is known about the habits of 
Olyphoglossus. Mention must also be made along with these 
terrestrial habits of the Engystoniatidae, the well-developed 
operculum in Olyphogloasus. This is possibly in response to 
the terrestrial habits as propounded by Varsluys (12). 

V In the posterior region of the 

mouth, Boulenger ( 1 ) mentions the 
0 presence of a denticulated ridge in 

and two in Gacopus. 
syo. The region posterior to the second 
^ ridge in Cacopus is lamellated and is 

called the ‘ pharyngeal organ ’ by 
^ A. Devaneaan ( 2 ). The presence of a 

similar modified tract in the 
pharyngeal wall is also noticed in 
Ik! Olyphoglossus. The histology of the 
organ is described by Devanesan for 
M Mepi. "“wk- Cacopus and the same is also true of 

Olyphoglossus, Tlie ciliated mucous 
Figs. 6—6a. epithelium extends over the filiform 

Transverse section of the lower basement membrane core in the form 
jaw of Microhyla. lamell*. The major part of 

the lamella is composed of large 
ovoidal secreting cells while the terminal part is composed 

of columnar cells with oval 
nuclei. Devanesan ( 2 ) believes 
that this organ is responsible 
^ in secreting a sticky fluid 

which enables the tongue in 
7 , capturing the prey. In fact 

I^F "**** normally, the maxillary glands 

m.iub. are attributed with this func- 

^ Le. M.epi tion of secretiug the sticky 

fluid. He points out that the 
maxillary glands are absent in 
Transverse section of the jaw of Cawpus and therefore the 

function is transferred to the 


L.e. M«P‘ 

Fig. 7. 

Transverse section of the jaw of 

Cacopus. 


pharyngeal organ. But the sections in the anterior region 
of the head of Cacopus show the presence of large maxillary 
glands opening into the mouth. Similar glands are also 



184 


L. S. Bamaswami 


noticed in Olyphoglossus. Therefore what exactly the function 
of the modified pharyngeal region is, it is difficult to say. 

Moreover in Olyphoglossus Boulenger (1) mentions the 
presence of a papilla in the posterior region of the mouth. A 
section of the papilllais drawn in Figure 2. The histology of 
the papilla is merely a mass of loose connective tissue covered 
over by the pharyngeal epithelium. 

SUMMARY, 

1 . A vestigial recess sacciformis is present. 

2. The absence of prechoanal sac is noteworthy. 

3. The feeble ossification in the sphenethmoid region 
is recorded. 

4. The pars ascendens is absent. 

6 . The presence of an extraplectral cartilage and a w^ell- 
developed operculum with a knob are noticed. 

6 . The “pharyngeal organ’’ is described. The secretory 
function of the organ as described by Devanesan is questioned. 
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KEY TO THE ABBREVIATIONS USED IN THE TEXT. 

A. 

Angulare (Dcrmarticulare). 

Ant. 

Antorbital cartilage. 

A.t. 

Annulus tympanicus. 

C. 

Cartilage whose significance is not 
determined. 

c', c*, c"'. 

Dorsal, lateral and ventral deriva¬ 
tives of the trabecular cartilage. 

Ch. 

Choana. 

D. 

Dentary. 

d. t. V. 

Ductus fenestra vestibuli. 

Pi. 

Extraplectral cartilage. 

e. olf. 

Eminentia olfactoria. 

E. T. 

Eustachian tube. 

F. P. 

Frontoparietal. 

f. 0. 

Fenestra ovalis. 

hy. 

Anterior cornu of the liyoid. 

L.l. 

Lower lip of the otic capsule. 

L. c. 

Lymph cavity. 

M. 

Meckle’s cartilage. 
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M. a. 

Max. 
Md. 
M.e. 
M. epi. 
M. m. 
mus. 

TYi. sub. 

K. 

op. 

P. 

Pa. 

pap. 

Par. 

P. c. 
pmp. 
P. Q. 
Pt. 
Qm. 

q- 

S. N. 
8y. o. 

T. c. 

V. 

W. o. 


Heckle’s cartilage and the Angu- 
lare. 

. Maxillary. 

. Mundwinkeldrlise. 

. Middle ear. 

. Meckelian epiphysis. 

. Mentomeckelian ossification. 

. Muscle. 

Muscle submentalis. 

. !^^asal. 

Operculum. 

Palatine. 

Paraquadrate. 

. Papilla. 

Parasplienoid. 

. Pterygoid cartilage. 

. Pars media plectris. 

. Paraquadrate cartilage. 

. Pterygoid bone and cartilage. 

. Quadrate cartilage and the 
Quadratomaxillary. 

. Quadrate cartilage. 

. Solum Nasi. 

Symphisial ossification. 
Transitional cartilage. 

Vomer. 

Wall of the otic capsule. 


7 
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POTENTIOMETRIC STUDIES OF COLLOIDAL 
SOLUTIONS: PART I—STEARIC ACID 
HYDROSOLS. 

By M, P. Venkataeama Iyer. 

{Department of Chemistry, Central College, Bangalore.) 


The interaction between an acid in the colloidal condition 
and electrolytes has been explained from two rival points of 
view: (ffl) The ‘ Chemical Theory ’ which assumes the reactions 
to take place in Stoichiometric proportions (Bradfield, J. Amer. 
Chem. Soc., 45, 1243, 1923; J. Phy. Chem., 28, 170, 1924 ; 
Usher, Trans. Far. Soc., 21, 406, 1925-26; Achar and Usher, 
J. C. S., 129, 1875,1927); (5) The ‘ Adsorption Theory ’ accord¬ 
ing to which Stoichiometric relation8hi]*s would be lacking 
(Mukherjee, Pres. Address, Ind. Set. Congress, 1929 ; Ind. Jour. 
Agri. Seiew-e, 1, 189, 1931). The variation of the pll of the, 
intermicellary liquid in sols having different concentrations 
of the acid has been observed by Bradfield to depend ui»on 
the dispersion of the particles, since this factor (letermines 
the equilibrium condition between the particles and the 
intermicellary liquid. In order to elucidate the mechanism 
of the neutralisation process at an interfac<i, the potentio- 
metric titration of a stearic acid sol against strong bases has 
been studied in the present paper. 

EXPERIMENTAL. 

Kahlbaum’s pure stearic acid, further purified by recrys- 
tallisation, was employed for the pre])aration of the sol. The 
suspension was prepared by dispersing a dilute methyl alcohol 
solution of the acid into boiling conductivity water, the alcohol 
being subsequently removed by boiling. The potentiometric 
titrations were conducted in Jena glass beakers using hydrogen 
electrodes of the Hildebrand type against saturated colomel 
electrode. Tinsley’s potentiometer was employed for the 
measurements. The hydrogen was generated from a kipp and 
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was purified by bubbling through mercuric chloride and potas¬ 
sium permanganate solutions. The alkalis used for the titra¬ 
tions were (1) Carbonate-free sodium hydroxide, (2) Barium 
hydroxide solution. Bubbling of hydrogen for five minutes 
was sufficient to secure steady values for the E,M.F. 

Stearic acid sols of different degrees of dispersion and 
concentrations were prepared by varying the experimental 
conditions. When the ratio of methyl alcohol to water was 
2 : 7, sols of the highest concentration were obtained. The factors 
affecting the formation and stability of these sols have been 
discussed in a previous paper (M. P. V. Iyer and H. li. Iyengar, 
Jour. Mys. University, 6, 1, 1932). 

In order to find out if any relation exists between the total 
stearic acid content of the sol and the pH of the intermicellary 
liquid, sols of different concentrations and different dispersions 
were prepared and their pH values were measured potentio- 
metrically. It is clear from Table I that it is not the total 
stearic acid content of the sol, but the size of the particles 
which determines the acidity ” of the intermicellary liquid. 


Table I. 


Sol 

No. 

Concen¬ 
tration of 
sol 

gr./litre. 

pll. 

Remarks. 

A. 

0.250 

4.32 

Consisted of coarse particles. 
Partially coagulated in a week. 

B. 

0.624 

3.46 

Very fine particles. Sol was 
stable for over a month. 

C. 

0.665 

4.13 

The sol was stable for a fort- 


night. 


Tables II a, b, and e, and Tables III a, b, and c give the 
values obtained in the potentiometric titration of the colloidal 
acid at three different dilutions when titrated against (1) 
Sodium hydroxide solution, (2) Barium hydroxide solution. 
The ‘ neutralisation ’ point and the molar ratio between the 
alkali and the acid corresponding to the ‘ neutralisation ’ 
point have been indicated. 


8 


r 
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Table lla. 

Titration of Sol vs. NaOH Solution. 

Sol contains 0.624 gr./litre. 

Used 0,01 N. NaOH for titration of 40 c.c. of sol. 


C. C. of Alkali. 

E. M. F. 

nv. 

Saturated Calomel 

pH. 

0.0 c.c. 

Electrode at 26®C. 

0.481 volt. 

3.46 

1.0 „ 

0.528 „ 

4.25 

1.5 „ 

0.663 „ 

4.68 

2.0 

0.669 „ 

4.96 

.3.0 „ 

0.695 „ 

5..39 

4.0 „ 

0.617 „ 

6.76 

6.0 „ 

0.662 „ 

6.36 

6.0 „ 

0.7.32 „ 

7.71 

7.0 „ 

0.792 „ 

8.73 

8.0 „ 

0.82.3 „ 

9.26 


End point of titration =5.8 c.c. of .01 N. Alkali. 

Molecular ratio—-= 0.'f)56. 

Stearic Acid. 

Table II5. 

Sol of Tabic I twice diluted. 

Used .01 N.NaOH for titration of 40 c.c. of sol. 


. of Alkali. 

E. M. F. 

va. 

Saturated Calomel 

pH. 

0.0 C.C. 

at 26®C. 

0.491 volt. 

3.63 

1.0 „ 

0.670 „ 

4.96 

2.0 „ 

0.630 „ 

6.99 

3.0 „ 

0.718 „ 

7.48 

4.0 „ 

0.809 „ 

9.01 

4.5 „ 

0.824 „ 

9.26 


End point of titration =2.9 c.c. of Alkali. 
Molecular ratio at end point=0.656. 
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Table Tie. • 

Sol of Table I four times diluted. 

Used 0.01 N. NaOH for titration of 40 c.c. of sol 


c.c. of Alkali. 

E.M.F. at 26°C. 

pH. 

0.0 C.C. 

0.602 volt. 

3.80 

1.0 „ 

0.689 „ 

5.27 

2.0 „ 

0.778 „ 

8.49 

2.6 „ 

0.808 „ 

9.01 

3.0 „ 

0.823 

9.26 

End point of titration =1.45 c.c. 

Molecular ratio sr—, — 0.655. 

Stearic Acid 

of Alkali. 


Table Ilia. 


Sol ‘ B 

’ contained 0.624 gr./litre. 


Strong 

th of Ba(OH )2 = .0069N. 


of Alkali. 

E.M.F. at 26'’C. 

pH. 

0.0 c.c. 

0.484 volt. 

3.52 

3.0 „ 

0.560 „ 

4.80 

6.0 „ 

0.565 „ 

4.88 

8.0 „ 

0..571 „ 

4.98 

10.0 „ 

0.572 „ 

4.98 

12.0 „ 

0.688 „ 

5.27 

13.0 „ 

0.705 „ 

7.34 

15.0 „ 

0.817 „ 

9.16 

16.0 „ 

0.828 „ 

9.33 


End point of titration =12.8 c.c. of .0059 N. Alkali. 
Molecular ratio at end i^oint = 0.808. 

Table 1116. 

Sol ‘ B ’ twice diluted. 


Strength of Ba(OII )2 same as above. 


C.C, of Alkali. 

K.M.F. at 25°C. 

pIL 

0.0 c.c. 

0.496 

volt. 

3.70 

2.0 „ 

0.567 

yj 

4.83 

4.0 „ 

0.673 


5.01 

6.0 „ 

0.686 

yy 

6.24 

7.0 „ 

0.616 

yy 

6.76 

8.0 „ 

0.746 

yy 

7.96 

End point of titration 

= 7.6 c.c. 



Molecular ratio at end point =1.03. 
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Table Illc. 

Sol of Table Ilia four times diluted. 
Strength of Ba(OH )2 same as Table Ilia. 


C.C. of Alkali. 

E.M.F, at 26“C. 

pH. 

0.0 C.C. 

0.495 volt. 

3.70 

1.0 „ 

0.664 „ 

4,86 

2.0 „ 

0.574 „ 

4.98 

3.0 „ 

0.580 „ 

6.12 

4.0 „ 

0.656 „ 

6.43 

6.0 „ 

0.744 „ 

7.92 

6.0 „ 

0.770 „ 

8.36 

End point of titration 

= 4.1 C.C. 


Molecular ratio at end point =1.03, 


Prom the titration curves (Figs. I & II), it is to be observed 
that there is a marked difference in the nature of the curves in 
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the case of sodium hydroxide and barium hydroxide. The time 
of contact of the colloidal acid with the alkali determines the 
amount of hydroxyl ions taken up. This shows that the neutral¬ 
isation process at interfaces is not complete directly the alkali is 
added to the sol. Further experiments were also carried out to 



investigate the behaviour of finely powdered stearic acid when 
shaken up with the alkalis in stoppered bottles. It was found 
that while dilute solutions of sodium hydroxide very slowly 
react with the acid, barium hydroxide did not enter into any 
appreciable reaction with the powder. The absence of a 
definite stoichiometric ratio between the acid in suspension 
and the alkali required (corresponding to the neutralisation 
point in the potentiometric titration) is seen from the values 
obtained. Even after the end point (as indicated by the inflexion 
in potential) has been reached, the solution remains distinctly 
colloidal. 
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DISCUSSION OF THE RESULTS. 

The process of neutralisation of the colloidal solution 
by sodium hydroxide may be pictured as follows :—In a stearic 
acid sol the micelles are negatively charged owing to the 
adsorption of hydroxyl and stearate ions. The hydrogen ions 
form the mobile layer. Addition of sodium hydroxide results 
in the neutralisation of the hydrogen ions of the mobile layer 
by the hydroxyl ions added. The equilibrium between the 
solid and the aqueous phase is disturbed, resulting in the 
desorption of the 'primarily’ adsorbed ions. Complications are 
no doubt introduced (cf, McBain, Colloid JSyniposium, 1923) 
owing to the formation of the insoluble acid soap of sodium ; 
and this may effectively cover up the surface of the micelles. 
After the preliminary neutralisation process (which is instan¬ 
taneous), further reaction takes place if the sodium hydroxide 
can either (1) penetraU^ through the adsorption layer or (2) 
react with the acid soap. Both i)ro(u^sses of rt^action are slow. 
This explains why the amount of sodium hydroxide taken 
up depends u]3on the time of contact with the sol. The 
absence of stoichiometric relationship at the point correspond¬ 
ing to the inflexion in potential can be easily understood if one 
considers the colloidal complex formed during the titration to 
have the following structure :— 

{[X(HA), Y^NaA)l 11+ 

»Solid })haso Primary Mobile 

layer layer 

Thus, the stearic acid which forms‘the ‘ complex ’ of the 
solid phase can react only with extreme slowness with the 
hydroxyMQIXS ,that are added, if the latter can overcome the 
strong repulsion of the ions in the primary layer. 

In the titrations with barium hydroxide the reaction cannot 
proceed according to the simple chemical equation, 

2R COOH+Ba(OII)^->(R COO )2 Ba+^H^O 

since the insoluble barium stearate would effectively cover up 
the surface. Thus powdered stearic acid enters into very little 
reaction with barium hydroxide even when the time of contact 
is several days. On the other hand, the acid in colloidal form 
reacts with barium hydroxide very easily and tlie end point 
is reached when practically the whole of the acid has been 
neutralised. These facts show that the reaction under consider¬ 
ation is essentially one of neutralisation at the interface. It is 
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known that barinm hydroxide does not form an acid soap, 
and hence there is no possibility for the acid to be present in 
the solid phase of the colloidal complex at the equivalence 
point. The reaction betw(!en the sol and barium hydroxide 
may be represented as follows :— 

2 J[HA] j + Ba’ ^ +20H-^ 

Solid Primary Secondary 
phase layer layer 

2 {[HA] J Ba' ' +H,0. 

Solid Primary Moliilc 
phase la 3 ’^cr layer 

Since the ‘deforming ’ influence of the bivalent barium 
ions on the anions is sufficiently strong, the barium stearate 
gets into the colloidal form being stabilised by the hydroxyl 
ions or by one of its constitinuit ions. The original structure 
of the sol being restored enables further neutralisation by 
barium hydroxide. The steady rise in the pH during the neutral¬ 
isation of the suspension A\ith sodium hydroxide as contrasted 
with the nearly constant pH during the neutralisation with 
barium hydroxide can also be exjdained on the basis of the 
above theory. In the first case, the sodium stearate that is 
formed in solution hydrolyses giving rise to an increase in pH 
as more and more of it is formed in solution. In the second 
case, since the barium stearate, being insoluble, is continuously 
removed, the pH remains steady practically throughout the 
entire range of the titration. 

In conclusion it may be pointed out that the results of the 
above experiments clearly indicate that reactions between 
alkalis and an insoluble acid are profoundly modified when 
the acid is in the colloidal condition : while the ‘ chemical ’ 
theory cannot account for the observed phenomena, the ‘adsorp¬ 
tion ’ theory offers a very satisfactory explanation. 

SUMMARY. 

1. Potentiometric titrations of colloidal stearic acid of 
different dilutions have been conducted using (a) sodium 
hydroxide, (b) Barium hydroxide. 

2. The absence of a definite stoichiometric ratio between 
the alkali and the acid in suspension is pointed out. 
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3. The results are examined critically with reference 
to the ‘ chemical ’ and ‘ adsorption ’ theories, and it is shown 
that the ' adsorption ’ theory with suitable modifications in¬ 
volving ‘ deforming ’ influence of ions at the interface, can 
olTer a satisfactory solution for the observed phenomena. 

The author wishes to thank Prof. B. Sanjiva Kao for his 
kind and helpful suggestions. 



ATMOSPHERIC ELECTRIC POTENTIAL 
GRADIENT AT BANGALORE (1929). 

By a. Vknkata Kow Tblais(}, M.A. 
(Department of Physics, Central College, Bangalore.) 


The Atmospheric Electric Field data for Bangalore for 
the years 1927 and 1928, with a description of the apparatus 
and procedure, hav(^ already be(‘n published.* The recording 
of the I’otential Gradient was continued with the same 
apparatus at the same* place during the year 1929. 

Results .—As before, quiet days, i.e., days characterised 
by tlie absence of negative potentials and violent oscillations 
of potential, were selected for obtaining the mean values. The 
mean hourly values of the potential gradient in volts per metre' 
on the seh'cted days for each month of the year, as w'ell as for 
the complete year, are given in Table (1). The curves inlig. (1) 
give the mean diurnal variation of the lield for each month of the 
year and the curve in lig. (2) shows the mean diurnal variation 
of the field for the year. The results exhibit the same charac¬ 
teristics a sthose of the previous years and do not call for any 
further remarks. 

The curve in lig. (3) gives the monthly mean values of the 
potential gradient over the year. It is seen to exhibit a maxi¬ 
mum in October and a minimum in April. These are seen to be 
the only maximum and minimum respectively for 1929, unlike 
1927 and 1928 which show, each of them two maxima and 
two minima. 

The curve in fig. (2) which gives the mean diurnal varia¬ 
tion of the lield for the year 1929, has been analysed into har¬ 
monic components of periods 24, 12, 8 and fi hours. A similar 
analysis of the curve for 1928 has been made for purposes 
of comparison. Table (2) gives the amplitudes and the phases 
of the different harmonic components. 

The mean values for the two years are in good agreement 
and the amplitudes and phases of the components in the two 
years shoAV very close similarity, especially in the case of the 
liigher harmonics. 

•A. V. Tclang, “.\tmo3pheri0. Electric Potential Gradient at Bangalore,” 
Indian Journal of Physics, Vol. V, Part VIJ. 
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—» HOURS 


Fig. 1. 

Hourly mean values of Potential Gradient on fine days for different 
months of 1929. 


VOLTS PER METER 


Atmosphehic Electric Potential Gradient 



Fig. 1. 


Hourly mean values of Potential Gradient on fine days for different 
months of 1929. 
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Monthly mean values of Potential Gradient. 


Tablk (1) 1929. 


Monthly mean values of the Potential Gradient in volts 
per metre at the different hours of the day on fine days only. 
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Hours of Day. 

8 

9 

10 

11 

12 

13 

14 

15 

January 

42.8 

Km 

40.7 

36.8 

37.7 

33.1 

31.1 

30.4 

February 

35.1 


34.5 

37.4 

37.9 

37.2 


36.0 

March 

30.1 


42.6 

36.3 

32.5 

31.3 

32.0 

30.0 

April 

37.7 

39.5 

40.6 

41.3 

34.0 

39.7 

29.9 

28.0 

May 

20.1 

29.3 

39.3 


41.2 

38.8 

37.0 

34.4 

June 

15.0 

28.7 

36.0 

46.3 

50.5 


44.8 

48.0 

July 

34.4 

39.5 

50.3 

57.3 

66.0 

61.5 

49.2 

51.4 

August 

41.4 

42.0 

59.1 

64.5 

61.3 

52.3 

64.1 

50.4 

September .. 

45.3 

71.0 

70.9 

64.8 

65.6 


53.6 

54.7 

October 

55.7 

54.1 

60.0 

54.2 

57.2 

54.2 

51.3 

46.9 

November .. 

79.1 

67.0 

58.5 

55.9 

56.7 


42.4 

40.3 

December 

28.2 

32.7 

47.6 

52.0 

55.6 

52.1 

55.1 

48.2 

Mean 

38.7 

42.5 

48.3 

48.9 

49.7 

46.5 

44.1 

41.8 


Hours of Day. 

16 

17 

18 

19 

20 



23 

Mean. 

January 


31.6 

33.8 

41.9 

69.8 

75.6 

62.9 

51.6 

41 .7 

37.6 

February 


36.5 

42.5 

49.2 

65.9 

72.5 


52.6 

45.9 

37.3 

March 


29.4 

30.6 

37.2 

58.4 

72.1 

53.8 

48.1 

44.6 

36 ,5 

April 


26.6 

30.1 

29.8 

41.3 

46.8 

39.5 

38.0 

33.7 

32.7 

May 


32.1 

33.7 

38.4 

59.1 

58.7 

53.6 

51.8 

34.7 

32.8 

Juno 


46.3 

39.4 

46.5 

70.3 

72.4 

66.8 

57.8 

43.7 

38.8 

July 


40.6 

57.1 

61.2 

64.2 

74.3 

59.9 

55.6 

36.7 

45.6 

August 


52.8 

66.2 

63.8 

72.5 

mwm 

74.0 

57.7 

58.1 

50.5 

September 


53.2 

51,8 

63.6 

76.4 

84.1 

72.8 

63.0 

49.6 

55.1 

October 


50.1 

51 .3 

69.5 

81.6 

92.7 

85.3 

74.2 

67.6 

56.6 

November 


42.6 

45.8 

58.6 

77.8 

95.3 

78.2 

74.2 

67.7 

55.6 

December 

.. 

49.9 

43.5 

59.1 

72.0 

70.4 

52.5 

42.8 

41.6 

39.8 

Mean 

•• 

41.0 

43.8 

51 ,6 

67.4 

74.6 

63.5 

55.6 

47.1 

43.2 


Table (2). 

3 ^”^. 

where A is the hour after midnight and t the epocli in hours. 


Amplitudes. 


Epoch (hours). 




Ul 

H 

H 

«4 

D 

D 



1928 

42.4 

-17.2 

g 


m 



-1.8 

-0.3J 

1929 

43.2 




2.5 



-1.8 

-0.4 

















































REVIEW. 


THE ESSENTIALS OF SCHOOL GEOMETRY, 
WITH ANSWERS. 

By A. B. Maynp: (Macmillan). 193.3. Price 6«. 


There lias been a considerable amount of imjiroyenient 
that has been effected and is still being effected in the teaching 
of Elementary Mathematics, in recent years. This new book 
on the elements of theoretical geometry is intended for the 
High Schools, and is written so as to embody the principles and 
recommendations set forth in the Report prepared by the 
Mathematical Association of Teachers in England. 

The book presupposes a course in experimental and prac¬ 
tical geometry. The aim of the student has been well kept in 
view. In their proofs of propositions and of riders, the majority 
of the older text-books give scanty references to theorems 
used during the course of the proof, and the student who is 
not prepared by a careful teacher will be liable to give similar 
slipshod references in the examination hall. Everyone will 
agree with the author that so far as the High School student 
is concerned, “it is better to err, if at all, on the .side of pro¬ 
lixity rather than brevity “ The strcjss laid in this book upon 
accurate references to jirevious theorems will not only help the 
pupils who use it to avoid a totally unnecessary loss of marks in 
examinations, but will also result in their learning to express 
themselves clearly and accurately in all their work.’’ 

The treatment of loci is very satisfactory, as contrasted 
with the lack of rigour to be found in many text-books. Many 
a book-writer and teacher does not realise that the formal 
geometrical proof of a locus “ always involves the proof of a 
theorem and its converse’’. 

The definition adopted for the tangent to a circle is not 
happy. The conception of the tangent as the limiting position 
of a chord is not difficult. One cannot agree with the author 
that the average student “ gets confused ’’ by the method of 
limits, after he was able to master the difficult proofs of many 
of the earlier theorems, for instance, those on congruency. 
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The present reviewer is not pleased with the inordinately 
large number of examples given in the book. While every 
text-book should contain a good number of illustrative 
examples, there must be a limit to this number. Too many 
examples will kill the enthusiasm of the brighter students, 
many of whom will have a natural desire of working out through 
the book from A to Z. 

The section on similar figures falls outside the scope of 
the High School syllabus, at least in India. It could have been 
brought out separately. 

On the whole, the book is welcome, and may be widely 
prescribed as a text-book. 

C. N. S. 


1864-33-*Printed Rt The Bangalore Press, Bangalore City, by T. Subramania Aiyar, Superintendent. 
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ON THE EQUATIONS OF MOTION OF A 
NON-HOLONOMIC DYNAMICAL SYSTEM. 

By B. S. Madiiava Bao, M.So. 

{Department of MaihemalicH, College of Engineering, Bangalore.) 


The extension of Lagrange’s equations to non-holonomic 
systems in the form of the n + m equations 

It (5^ ) ~ '^r ^ ■^'■1 + • • • • + (»• = 2 ,....«) 

Alt 21 5 2 +-+ A„t 2 ,H- Tt — 0 (7c 1, 2.w) 

by tlio introduction of m undetermined multipliers A^.... A„, is 
very well known.* I propose in this note to derive a form of 
the Lagrangian equations of motion without tlio introduction 
of these parameters and sucli that the number of ocpiatious is 
equal to the number of degrees of freedom of the dynamical 
system. 

For this purpose, I make use of Appell’s form of the 
general differential equations of a dynamical system whether 
holonomic or not. These equations, as is well known, are 
expressedt in the form 

.^ = p,(r=:l, 2 ,....n-w) 

where S denotes the function \ 2 mu {xk ^and 

* Whittaker, Analytical Dynamics {3rd Edition), p. 215. 
t Ihid ,, pp. 258-59. 

F 
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{Pj....Pn-m) are co-ordinates equal in number to the degrees 
of freedom of the system. Wiiile Appell’s equations are very 
compact and elegant in form, they are not immediately 
applicable to practical problems {e.g., the rolling of solid bodies 
without sliding on arbitrary surfaces) for, the calculation of 
the function S of the co-ordinates would generally entail a 
largo amount of labour. By a slight modification of the 
method of derivation of these equations, I have given them 
the Lagrangian form involving the kinetic energy T as well as 
the function S. The notation used below is the same as in 
Whittaker’s book referred to above, pp. 258-59:— 

Let the equations of constraint bo 

Au dqi+ --f A„it dqn + Tj = 0 (fc = 1, 2,_w). 

By the aid of these equations wo can express m of the 

velocities _ q„) in terms of the others. Taking the 

co-ordinates corresponding to these last as p,... ,p„-my l«t the 
remaining co-ordinates be denoted by Qj..,.Q,„. With this 
notation the equations of constraint could bo replaced by 

= d/>i +- -f<£dt(i = l,_ m) .. .. (1) 

A virtual displacement in a co-ordinate xt at time t is given by 





which gives tlio value for the coefficient TTr 
confusion in symbols it is safer to write 


i)Xic 

^Pf 


To avoid 


TTr 


^Pr 


+ U air 
i 


^Xok 


The starting point for the deduction of AppelFs equations 
is the expression 




( 2 ) 


In the expression on the left-hand side of this we substitute 

"dxic 

for = TTr its value obtained above and make similar substi¬ 
tutions for ^ and We can therefore consider merely the 
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first term and for simplicity take only a single individual. 
Thus the expression 



can be written 

d / . hXk\ . d /^Xk\ 

d f * » • diT f 

^mk-^{xknr)-mkXk~^ 


.. (3) 

.. (4) 
.. (5) 


71—m 

but = E TTf pr + ct 

r=l 


'bXk 

Tipr 


SO that = TTr and hence the first term of (5) could be 
d /. 


... «/. oXk\ 

written as mu —{ ock^ r ) 
dt\ ()pr/ 


^Pr 

PurtliM i. ^ = i. + S ||!) 




The first term of ( 6 ) is equal to 
and the second term 

^Pr 

• ^ t y* ^^ok\ • f y* ^Q> ^^ok\ 

for using (1), Oir = and also 

• I V’ ^^'>k X, I V ^^ok i\. 

xok = -vr + ■=r:n“ Vr + ^ 




SQi 


at 

® hQi sqV 

We can now re-write (7) in the form 

tf-!,)-** (^w'l) 

since from ( 8 ) and ( 1 ) it follows easily that 


(7) 


( 8 ) 
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Expression (6) fully written out is now equal to 

^iok 


C.K I 

c)p7 + dl 


(i /. yt^Xok ^Qi\ ” / r» ^Qt\ 

•<>>;)-** If 

and liencc tlic original expression (3) is equal to 

(I / . ^Xuk \ • "^^ok 

'^k 771 ^k 7^ -^'k ^ I - 'VHk 'Xk \ - 

^ (It \ ^pr ^PrJ ^Pr 

L /wi ** ^ y ^Xok ^Q/ \ 

+ THk iTyt ( Z . • ) 

\ /. ^Qt ^PrJ 

and the first term of tlie above could be written as 


m 


d 

(It 


V ' ^Pr) 


Finally, t]i(*> expression (2) now reduees to the form 

Tho llMt term = A J _i j"**, , 


The second term = 
Tho third term = 


a 

Dji; 




it being understood that, in this case, S is a function only of 
tho Q^.,..Qm 7 these being, however, determined from (1). 
With this understanding wo can replace 8 by S' and finally 
the equations of motion reduce to the form 

dt \^Pr) ^Pr ^ 


(r = l,_n-m). 


These equations have tho Lagrangian form and it must be 
noticed that in the expression for T all the n generalised 
co-ordinates are to be treated as independent. 



CHROMOSOMAL ABERRATIONS OCCURRING 
IN UN-IRRADIATED GRASSHOPPERS. 

By T. Bamachanuba Kao. 

(Department of Zoology, Central College, Bangalore.) 


The great significance attached (o tin', chromosomal 
aberrations that result upon tin* irradiations ot plants and 
animals by X-rays or upon exposure to licat or to radio-active 
substances, makes it very desirable to collect as miudi 
information as possible on the occurrcne(‘. of such aberrations 
in non-irradiated individuals. Sev('ral authors (Olson and 
Lewis, 1928; Babcock and Oollins, 1929; Hanson and Ifays, 
1930 and Helwig, 1933) have suggested that the various 
aberrations occurring in nature have bemi caused by the 
presence of radio-active deposits in the: soil. Tn fad. tlm (‘xperi- 
raental studies by Helwig have shown tlui very great similariljy 
which exists between the natural aberrations and those 
induced by X-rays, and his results are confirnuMl by this study 
which is concerned with a batch of material from (jiiite a 
different region of the Globe. The transmission of thesi'- 
abnormalities from generation to generation coidd not have been 
an universal affair, for the Acrididie have beim known to 
possess very constant chromosome conditions throughout 
the world. The notabhi exceptions are the well-known genera', 
Stenobothrus, Chorthippm, Chloealtis, Htanroderes, (lomphoeeras 
and a few others which constantly possciss multij)les of a 
uniform nature and number. The atelomitic natur<i of 
chromosomes in Trimeotropis and Cireotettlv, though there 
is some variation among individuals, has become firmly estab¬ 
lished in the germinal constitution. The classical instances 
of multiple formation in Hesperotettix and Mermaria must 
have had an origin similar to those in irradiated cells, and 
in spite of their abundant occurrence, Hesperotettix individuals 
without multiples have not been entirely replaced in nature. 
The latest addition to our knowledge is the multiple formation 
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in Sphenarium, belonging to Pyrgomorphina', and in which 
a multiple has been found to occur in only one of the individuals 
(IMcClung, 1930).* Tn DrosopJiila experimental studies have 
proved the possibility of transmission of aberrations thotigh 
in nature individuals possessing them may be inferior to the 
wild types and thus be eliminated. Sometimes geographical 
races have been establislied in plants by the descendants of 
tliose possessing them (Blakeslce 1929, and others). The 
aberrations to be described in the course of this i)aper, however, 
are not establishcHl features of organisation but only casual 
ones. Th(^ list is not exhaustive for they mostly relate to 
genera belonging to only one sub-family but they are sufficient 
to show that the Pyrgomori)hin‘ce retain typical Aeridid 
characteristics though the chromosome number is remarkably 
different. The author hox)es to present at an early date 
similar studies on a wider batch of material. 

The material wliich is ulilised in the present study 
consists of a large number of specinums of a numb(‘T of genera 
of grasshoppers collected and preserved in the usual manner 
for general chromosome investigations. Most of them were 
dissected and fixed immediately after collection and in a few 
cases they had to be reared in the laboratory till they attained 
a suitable stage. The author’s grateful thanks arc due to 
Prof. C. K. Narayan Rao for his advice^ and encouragement 
and to the Vice-Chancellor, Dr. E. P. Metcalfe, whose kind 
interest made it i)ossible for the author to continue his investi¬ 
gations on the chromosomes of grasshoppers. 

OBSERVATIONS. 

The aberrations observed in un-irradiated individuals 
of grasshoppers may be classified under two heads, viz,j those 
affecting whole cells and those affecting particular chromo¬ 
somes. Of the two kinds the former are more frequent and 
result generally in the formation of giant cells, polyploid cells 
and degenerating cells. In this group may also be included 
the visible changes that take place in the physical condition 
of the cytoplasm resulting in the thinning and attenuation 


♦ Saez has also reported the occurrence of multiples in AleuaSy a 
South American form. 
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of chromosomes. Among the second kind must, be included 
the formation of multiples, breaking of chroinosonu^s leading 
to translocation, shifting of fibre attaehnnmts and the drawing 
out of the ‘acromites’, the formation of eonslrieiions on the 
spermatogonial chromosomes, etc. 

1. Giant Cells .—These are very frequently observed- 
The author recently (19'14) described certain interesting kinds 
of abnormal spermatids in Aularehes (Pyrgomorpliirue). They 
were giant forms possessing varying numbers of centr()some\s. 
Those with 2, i, 8 and a larger number of cemtrosomes were 
described and figured. Tliey are not mere degenerating (*ells 
as seen from the development of perb^etly normal tail fibres 
from each of the centrosomes. They may be the results of 
the suppression of cytokinesis without the suppression of the 
division of the centrosomes. The size of the cells were found 
to vary directly in proportion with the number of centrosomes 
present. They are sometimes found to possess insid(^ them 
large numbers of fragmenting chromosomes of peculiar globular 
outlines. Similar giant spermatids may be obscuved i)i tlie 
majority of the species examined. 

2. Polyploid Cells .—Closely related to the giant cells 
are the polyploid cells. Most usually they are totraploids 
and their features have been studied in broad outline by tlie 
present author. They are similar to the ‘syndiploid cefils’ 
reported by Eisentraut, 1926, and Darlington, .19;V2. They 
are found to occur quite frequently but wherever they are 
present they do not fill up whole cysts, as was (h\scribed in 
an abnormal polyploid cyst in the Ifeinipter Archeniones^ by 
Wilson (1932). At the most, only a few such cells can be observed 
in each cyst and they occur in almost all stages of develop¬ 
ment of the spermatogonia and spermatociytes, csi)ecially 
in Aularehes. While a detailed account of the behaviour of 
these cells must be xiostponed, it is not out of xfiacje hc^re. to 
briefly mention the salient features of their organisation. 
(a) They possess a tetraploid set of chromosomes and their 
volume is correspondingly increased, {b) During the sperma¬ 
togonial stages they do not show any abnormality of behaviour, 
(c) During the first spermatocyte prophascs the cliromosomes 
perform typical movements. (d) The chromosomes are 
associated in pairs during synapsis, and not x>a.ir to pair. 
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indicating that the affinity to synapse is between two homo- 
logues and not between pairs of them. The zygotene nucleus 
shows, therefore, 18 typical synapsed loox)S. This feature is con¬ 
tinued by two observations ; first, the actual counts of the loox)S 
tlieiTiselves wliioh though not quite accurate on account of 
practical difficulties, due to overlapping, etc., clearly show the 
tetrax)loid nature, and secondly, by a study of ‘chromoniere 
v(Nsicles\ These have now been established to be characteristic 
filatures of niichl of species i)ossessing them and have also been 
utilised to demonstrate the constancy of the internal organisation 
of chromosomes to which tliey are attaclied. In the normal 
C(dls of yiularcJiefi two of the x)eritene loops are found to possess 
them at constant positions. In tetrax^loid C(dls it is revealed 
that four loops carry tliem. The behaviour of these vesicles 
is quit(‘. as in normal cells. (c) Th(‘ a(*cessory chromosomes 
do not ])air even tliough two of them arc prestmt in the same 
cell. Th(‘y do not also give iq) their precocious behaviour. 
(/) During tln^ first sp(‘rmatoc 5 'te mel.ai)hase the usual kinds 
of bivahaits are formed, only they arc diploid instead of haploid 
(Fig. <S). two accessories are quite iiid(q)endent of (^ach 

otluw. (g) Tn the m(‘taphase of the second division tlie cells ar(». 
diploid. This last feature has not bi^en observed in AularaheSj 
but in another form (Jolrmania, Similar conditions, though 
not in such detail, are found in the other genera also. 

8. Degenerating CelLs ,—These arc very commonly found 
in all th(^ sp(M*ies and need no special description. 

Multiple Forwation .—In certain first spermatocyte 
m(?ta])hase of Aularehes the formation of multixdes may be 
observed. The first spermatocyte nndaphase figures of 
Autarches show that there an^ ten chromosomes of which the 
accessory one is a rod-shaped structure. Owing to the uniform 
telomitic nat ure, the euchroinosomes are rings of the Ilippiscus 
type or ordinary rods. Two of these rod-shaped chromosomes 
are united with each other by their proximal ends resulting in 
the formation of a multiple (Figs. 1 and 2). They are of course 
extremely rare. Tn the figures drawn it may be seen that they 
are so arranged that the free ends are turned towards the same 
liole, leading ultimately to the equal distribution of the chroma¬ 
tids. The multiple nature of these chromosomes is confirmed 
by the presence of a small diamond-shaped split at the centre 



Cheomosomal Abeeeations 


9 




10 


T. Bamachandra Bag 


of each arm. The determination of the exact chromosomes 
which form this multiple is difficult. But as the studies of 
metaphase patterns would indicate that the rod-shaped 
forms are generally smaller in size than those which retain 
the ring shape for a longer time, it may be reasonably 
concludiMi that th(‘- multiple forming bivalents are perhaps 
the fifth and the sixth or the fourth and the fifth counting 
the smallest chromosome as no. 1. 

Another kind of multiple occasionally occurs in Aularches. 
This is also due to tlu^. attachment of two chromosomes, one 
the rod and the oi-h(*r not yet completely drawn into a' rod 
(Fig. 4). Tfiese may be the chromosomes six and seven. In 
one case the free arms of the multiple are directed towards 
the same pole and the distribution of chromatids is essentially 
the same as in the above described form. But in another case 
(Fig. r») the two bivahmts are united and oriented in such a 
manner that the free (uids are directed towards the opposite 
poles of th(‘ nucleus. 

In Fig. 3 is drawn another multiple in which one of the 
chromatids has already si^paratiMl from its homologue. Other 
more complicated forms of multiples are .not likely to be 
observed in these, grasshoppers, for they possess no atelomitic 
chromosomes. 

5. Translocations ,—Translocations have not been observed 
so far in the larger chromosomes but the smallest bivalent in 
Alllarches exhibits them in a few cases. In Fig. 0 it may bo 
seen that one of the homologues which generally ought to 
separate as a single oval-shaped body has become constricted 
and one of th(' sections b(‘comes translocat(Ml to its homologue, 
leading to sectional duplication in one dyad and a sectional 
deficiency in the other. 

0. Shifting of the Fibre Attachment ,—In one of the 
specimens of Orthacris studied all the first spermatocyte meta¬ 
phases show one of the rod-shaped forms converted into a 
J-shaped tetrad (Figs. 18, 19 and 20). This occurs with regu¬ 
larity in all the cells. This and another aberration to be de¬ 
scribed in the spermatogonial complexes are the only aberrations 
which seem to have persisted for a while and they must have 
had their origin in the early germ cell stages and have been 
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handed down through a series of generations of cells. The 
apparent shifting of the fibre attachment may not be quite 
actual. The change in the locus of attacliment may be due 
to one of two causes ; it may be explained as the result of 
translocation of a section of another eliromosome, or as a 
consequence of the translocation of a distal section of the 
same chromosome to the proximal end. The former possibility 
is vitiated by the fact that no oth(‘T chromosome has been 
discovered in the same individual exhibiting a sectional 
deficiency. The latter possibility is supported by critical 
observations on length relations of tlie chromosonu^ itself. 
It is seen that the length of tlie se(dion of the atelomif ic dyad 
between the locus of fibre attachment, and the point where 
it is still in connection with its homologue, is generally 
shorter than that of the normal dyad. Tn sucli cases the 
total length of th('. dyad including the portion away from tlie 
spindle attachment is found to be approximatidy equal to 
the length of the normal dyad. Such measuremeul s, if they 
have any validity, clearly show that the apparent shifting of 
the spindle attachment is really brought about by the transloca¬ 
tion of a section of the same chromosome to the proximal end. 
In this case there is no sectional duplication or (hdiciency. Only 
there must occur some trouble in synapsis due to change of 
homology. 

7. The Drawing out of the ‘Acromite \—The ‘acromite’ 
is the point of fibre attachment and in normal chromosom(*s 
there does not appear to be any (constriction at the point though 
it has been occasionally seen. It is being increasingly recog¬ 
nised that the real unit in karyokinesis is not merely tluc chromo¬ 
some but the chromosome along with tine spindle fibre whudi 
attaches to it. Further Belar’s studies (1929) on living ctdls 
in hypertonic and isotonic solutions have shown that two 
forces are necessary for the mov(unents of the chromosomes 
to the poles. First an autonomous movement of tlie chromo¬ 
somes themselves and later the change in the shajie of the 
spindle leading to the drawing up of tluc chromosomes to the 
poles. Darlington (1932) believes the movement of the chromo¬ 
somes at anaphase to be due to ‘the gradual waning of repulsion 
of the poles on the spindle attachments*, and describes the 
anaphase movement to be due to the change of equilibrium. 
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When the change in equilibrium is abnormal it must lead to 
aberrations. For example in genetically abnormal plants, 
such as KnipJioJia, ‘the chromosomes separate but anaphase 
is never completed... .the (*hromosomcs play their x)art but 
the spindle fails.’ In an unidentified gra8shop])cr belonging to 
Tryxalime [Kpaeromia two of the first spermatocyte chromo¬ 
somes behave rather peculiarly (Pig. 9). When the anaphase 
processes commence the short lugs with the spindhi attach¬ 
ment arc slightly drawn in opxiosite directions and from this 
stage onwards th(‘. s^iindle attachments of these bivalents 
move away in tlie opposite^, directions ^vith such rapidity that 
instead of pulling tlie whole dyads they carry with them only 
minut(‘ fragments of (diromatin wliich become connectc^.d with 
the main body of the eliromosome by thin fibre-like sections. 
The other chromosomes of t he cell are still in the early anaphase 
stages wlien the abnormal movement of these chromosomes 
is taking place. Tlu'se aberrations ar(^ found in all the m(ita- 
phase cells of the individual.* This abnormal movemumt of 
th(‘- spindle attachment may be explain(‘(l on tlie basis of the 
abov(‘- hypotheses as due to eitlu^r an abnormal nquilsion be- 
tweem tb(*- att achnuaits or a ])recocious acceleration of tlu^ late 
anajihase activity of the s[)indle. This form is being further 
studied to elucidates t<h(‘- true* nature of the movements involved. 
At xire'seut tlu^y may be' re\gareli*el as tbe‘ elTeeds of the ux>setting 
of the rate* eif change' of eeiuilibriuin of the various forces 
involveel. P>ut wliy exactly they should occur only in two 
bivale'.nts remains puzzling unless we accejit that there arc some 
autonomenis re*j)ulsive fore*.es in tlu'se xiarticular (diromosomes 
themselve*s which xnish the terminal attachments wide apart. In 
the figures 10 to 13 varieius stages in the movement are 
drawn. 

Occasional instances are found in all species where one 
of the chromosomes is seen to mov(^ away without division to 
one of till* poles in the Lst spermat.ocyte inetaphase. Fig. 7 shows 
such a cell in Aularchcs. This can only be exxdained as the 
total failure of the functioning of the spindle fibres of one 
side (Fig. 7). 

* Later studies indicate that this peculiar behaviour of these two 
chrornosoiiies is a constant specific character, similar to the condition 
in Hippiscus (McClung, 1921.) 
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8. Constrictions on Spermatogonial Chromosomes ,—Thore 
are certain cysts in Orthacris which exhibit a peculiar sperma¬ 
togonial chromosome of some significance (Figs. 14 to 17). 
Two individuals arc found to possess them, though all the 
cysts do not show them, which indicat(‘S that tlu^y have arisen 
quite independently in both the specinuuis. This chromosome 
is one of the larg(U' ones and the exact identification is not 
I)ossible on account of the closidy graded series. It generally 
appears constricted in the middh^ but on tliat account does 
not bend appreciably at the point. Tt is extended straight and 
shows its chromatid structure very w(41. Both the chromatids 
are constricted and in most cases there is a diamond-shaped slit 
at the ])oint. This chromosome is so unusual that it is generally 
very easily distinguished. The origin of this form does not 
appear to be due to translocation, for the eomplex(\s show all 
the 19 chromosonKvs (Fig. 14). Perha])S this is the only instance 
in Acridida^, in which a spermatogonial chromosom(‘ exhibits 
such a peculiar structure and its signiheamte^ remains to 
decided with certainty. 

CONCLUSIONS. 

1. There is a great similarity between tlie aberrations 
occurring in nature and those induced by X-rays as described 
by Helwig (1933) in Girmtettix, 

2. Giant spermatids and polyploid cells are frequently 
observed and are the commonest forms of aberrations. 

3. The tetraploid cells occur in all stagtis of devidopment 
and exhibit no special features in synapsis, the threads synaps- 
ing in pairs as in normal cells. They are very similar in 
behaviour to the abnormal tetraploid cells studied by Wilson 
(1932) in a Hemipteran. The metaphase patterns are not 
in any way different in these abnormal cells. 

4. Multiple chromosomes are occasionally formed by the 
union of two non-homologous rod-shaped bivalents. They 
may have both their free ends directed towards the same pole, 
or they may bo so attached that they are directed towards the 
opposite poles. 

5. Translocation of a segment occurs frequently in the 
smallest bivalent, resulting in sectional duplication and 
deficiency. 
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6. The sliifting of the spindle attachment in Orthacris 
may be due to the translocation of the distal section on to the 
proximal end of the same chromosome. 

7. The peculiar movements of the spindle attachments 
of two bivalents in an unidentilhHl species may be due to some 
abnormality in tlui anaphase processes, most i)robably to a 
strong repulsion between the attachments themselves. 

8. Tlie spennatogonial metapliases in Orthacris some¬ 
times show a most unusually constricted chromosome. Its 
nature and signituiance are obscure. 
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EXPLANATION OF FIGURES. 

1. A first spermatocyte complex of Aularches drawn in a 

row to show the formation of a multiple by two chromo¬ 
somes being attached by one of their ends. The complex 
is not arranged in any order. The free ends of the 
multiple are directed towards the same pole and thus 
there are three acromites. xl2r)0. 

2. A similar multiple as in Fig. 1. From Aularches, xl26(). 

3. A similar multiple in which one of tlie dyads of one of 

the bivalents is already separated. Aularches. xl260. 

4. A similar multiple formed by another combination 

chromosomes. Free ends directed towards the same 
pole. Aularches. x 1200. 

5. A multiple formed by the same elements as in Fig. 4 ; 

but they are directed with their free ends towards the 
opposite poles. There are only two acromites. Cor¬ 
responding to Helwig’s (1929) figure 20. This must 
result in an unequal distribution of liomologucs. 
Aularches. xl200. 

0. Single translocation in th(^ smallest bivalent in Aularches, 
leading to unequal distribution, x 1200. 

7. A section of the cell of a first spermatocyte anaphase 

in Aularches, to show the non-disjunction of a bivalent 
due to the failure of spindle attachment on one acromite. 
All chromosomes are not drawn. xl2G0. 

8. A section of a tetraploid first spermatocyte anajdiase 

in Aularches, All chromosomes ar(i not drawn for 
they are in different sections. The accessory chromo¬ 
somes and the smallest bivalents are darkly shaded to 
show that they are duplicated in a tetraploid cell. The 
two accessories are seen going to the opposite poles. 
Normally in Aularches only one small pair of chromo¬ 
somes is present. xl260. 

9. A lateral view of a section of the first spermatocyte 

metaphase in the unidentified Specimen (Tryxalinae) 
showing the two peculiar bivalents. xl200, 
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10. A.n early stage in. the reijulsion of the aeromites of the 

bivalents such as are drawn in Fig. 9. x2520. 

11. Later stage than Fig. 10. x2520. 

12. Later stage than Fig. 11. x2r)20. 

13. Later stage than Fig. 12. The thin fibre-like section 

which connects the small granules with the main body 
may be observed to have lost the tension. x2520. 

14. A si)ermatogonial metaphaso complex of OrthacriSj in 

one ol the abnormal cysts, showing 19 closely graded 
series of chromosomes of which one exhibits the unusual 
constriel.ion in th(^ middle. x2r)20. 

15. 16, 17. Tli(^ constricted gonial metaphase (‘hrornosome 

of Orthao'is separately drawn to chnirly sliow its struc¬ 
ture. x2r)20. 

18, 19, 20. The J-shaped tetra<ls of Orthacris. x2520. 

21, 22. Tlie saiTK' bivalents as in Figs. 18, 19 and 20 but 
as tlu‘y are found in normal individuals. x2520. 



ASCARIS LUMBRICOIDES IN PERITONEAL 

CAVITY. 

By P. Kuishna Eao, B.So., M.B.B.S., D.T.M. & II. (Eno.) 
(Frofemyr of Pathology, University Medical College, Mysore 
and Pathologist, Krishmrajendra Hospital, Mysore,) 


The specimen described here was liandiKl over to me by 
Dr. K. Sreenivasachar, Kesident Medical Officer, Victoria 
IFospital, Bangalore, with the following history :—- 

A Hindu a^(‘d S yoars was adinittoil to tlic Victoria 
Hospital, with a history of distension of abdomen ftu* a we(‘k. A diag¬ 
nosis of general peritonitis was made })ut no operation was undertaken, 
as lu'r condition was very low. She di(^d witlun a f(‘w hours after admis¬ 
sion. A post-mortem examination was done witlun six hours after 
deatn and the following interesting featnies were noticed. On open¬ 
ing the abdom(‘n, the peritorusal cavity was found to contain bund reals 
of living as well as dead Ascaris luinbriroides. There was a collection 
of pus in the pelvic cavity and the sigmoid colon was in a gangrenous 
condition. No obstruction or ])erforation in the int(‘stinc was made 
out, as the gut was exti*emely flabby and it tore off easily at the 
region of the gangrene on attempting to pull out the coils. The 
abdominal organs, particularly the liver, stomach, splcMm, kidneys 
and coils of intestine, were all adhenait to one another. Those organs 
were removed and sent over to the Pathologist.” 

The mass of organs consisted of the liver, stomach, trans¬ 
verse colon, small intestines and the right kidney. They were 
all adherent to one another and several Ascaris lumhricoides 
were found projecting out from the various parts. The 
adhesions were carefully broken up and the relations of the 
worms to the various organs studied. 

The liver was the chief organ to lodge a majority of the 
Ascaris lumhricoides. Four worms were seen buried at the 
upper and anterior surface of the liver underneath the dia¬ 
phragm. The adhesion was broken up and the diaphragm was 
reflected to reveal the position of the worms. Some of them 
were straight and others coiled up; and all of them were dead 
and imbedded in grooved imi)ressions left on the surface of 
the liver. (Plate 1.) 
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The posterior aspect of the liver showed a number of 
worms, about G to 8, coiled up into a mass and buried on the 
surface at tlie level of the renal impression on tlie right side. 
The peritoneum separating the kidney from the surface of the 
liver was very much thickened due to inflammatory changes. 
These worms were also dead and had left deep impressions 
on the surface of the liver. (Plate 2.) 

The transverse colon had three worms buried in the 
appendices cpiploicw. Portions of the worms were seen pro¬ 
jecting here and there on the outer aspect of the intestine. 
On dissecting out tlie appendices epiploicw, which was tTliree 
times thicker than normal, the worms were found imbedded 
on t he outer wall of the intestine, enclosed in a sheath. They 
were all dead and had left deep impressions as in other 
parts. (Plat(' fl.) The lumen of the intestine was free from 
marks of perforation and showed no signs of inflammation. 

P>etwcen the stomach and the spleen a mass of tissue, 
I to 1 cm. in thickness, was seen and through this was pro¬ 
jecting a ])ortion of an Ascaris lumbricoides, Purther dis¬ 
section of the part revealed the presence of an entire worm 
embedded between the spleen and the gastro-splenic ligament. 
A grooved impression wras found both on the thickened ligament 
as w^ell as the spleen. (Plate 4.) 

There were two worms found lying free in the stomach. 

HISTOLOGICAL EXAMINATION. 

Paraffin as well as frozen sections of the various organs 
and tissues concerned, were made and examined. The gastro- 
lineal ligament showx'd considerable thickening as a result of 
inflammatory cellular infiltration. There were quite a large 
number of fibroblasts, polymorphos, eosinophyles, plasma 
cells, lymphocytes and other round cells commonly found in 
inflammatory changes. Imbedded in the tissue were seen several 
ova of Ascaris lumbricoides, A study of the serial section 
showed each ovum enclosed in a thick sheath, around which 
were infiltrations of the inflammatory cells. Foreign body giant 
cells also were seen here and there, by the side of the eggs. 
(Plates 5 & 6.) A fresh piece of the ligament was teased out 
and examined under the microscope. Ascaris lumbricoides eggs 
were seen. 
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DISCUSSION. 

The specimen described above is of interest not only on 
account of its rarity but also due to the fact that it contri¬ 
butes material to our knowledge of the Pathology of Ascariasis. 
The matter for discussion in this ease is as to the way in 
which Ascaris lumbricoideft could have got into the peritoneal 
cavity ; for the study of the life history of the worms shows 
they could grow into adult stage only in the lumen of the 
intestine and nowhere else. Adult dead worms were found 
on the surface of the various organs buried in the newly 
formed inflammatory tissue and they must have all passed 
out of the intestine into the peritoneal cavity when the child 
was alive. 

There are only two ways by which tlie Afioaris lumbri- 
coides could get out of the intestine. One is to pass througli 
a perforation in the int(\slinc and the other by direct penetra¬ 
tion from the iut(\stine into the peritoneal cavity. 

Some authors are of the opinion that Asearifi lumbrieoides 
are ‘‘ known to penetrate the intestinal wall and escape into 
the i)eritoneum, causing peritonitis”. There seems to be no 
case reported in which the worm is seem in the act of penetra¬ 
tion. The mouth parts of the Ascaris lumbricoides consist of 
three fleshy lips and they are not adopted for burrowing 
through tissues. In the case described above, the whole of 
the lumen of the intestine did not show any evidence of marks 
of penetration or ulceration. This is a specimen wherein 
several worms have come out of the intestine but curiously 
enough, not a single one is seen in the act of penetration. 
If penetration were a possibility, the specimen on hand ought 
to have been one to demonstrate the condition. It is there¬ 
fore highly doubtful, if Ascaris lumbricoidrs are capable of 
penetrating through the walls of the intestine. 

The other possibility of the worms getting into the perito¬ 
neal cavity, is through a perforation in the intestine. Kauf¬ 
man states “ sometimes a round worm slips through an intestinal 
perforation (most frequently of tuberculous ulcers)”. Here is 
a case in wliich it is not a single worm that has ‘ slipped 
through but more than a dozen of them without there being 
any tuberculous ulcer. Stitt, Castallani and Chalmers mention 
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in their books that the worms ini^jht pierce the bowel in cases 
of ulcerative conditions of the bowels. Even the gangrenous 
portion of the gut did not show any evidence of an ulcer 
having existed there. I therefore arrive at the conclusion that 
the worms in this case should have caused intestinal obstruc¬ 
tion, and as a sequela', then' must hav(' been a perforation 
in the intestine at the sigmoid colon. This perforation in the 
wall of the intestine, whieli was unfortunately not traced in the 
l)resent case, should have existed for a sufFiciently long time. 
The ('xtent of indammatory reaction resulting in the formation 
of slu'aths and fibrous tissue as described above, indi(*ates the 
worms to have occupied those places at h'ast two weeks before 
the death of th(' child. The perforation at the same time should 
have been big enough to allow several of the worms to pass 
through. It is interesting, however, to note that the child has 
surviv('d for such a long time with a sutlicieiitly big perforation 
without much distress. 

My thanks are due to J)r. K. S. /Vchar for xdacing the 
specimen at my hands and to Mr. L. N. Uao of the Oentral 
(^ollege for pn'paring tin' photomierographs. 

SUMMARY. 

1. Asearis hmhricoUlcs were found in the peritoneal 
cavity of a child ; some of them wc're dead and buried on the 
surface of liver, intestine and sxdeen and others were living 
and free in peritoneal cavity. 

2. Intestinal perforation was not actually S('en at tin' 
post-mortem examination. 

3. The possibilith'S of the ways in which the worms could 
have got into tin' pi'ritoneal cavity have been discussed. 

LITERATURE. 

1. Manson’s Tropical Diseasesj 9th Edition, page 587. 

2. Tropical Diseases, Stitt, 5th Edition, page 520. 

3. Manual of Tropical Medicine, ('astallani and Chalmers. 

4. Tcjct-Boolc of Zoology, Parker and llaswcll. 

5. Pathology for Students and Practitioners, Kaufman. 

Trans, by S. P. Rciinann, Vol. 11, page 853. 



Asoakis Lumbuicoidks in Pkuitonkai. Cavity 


1>1 



Plate 1 • 

^Lsuaris IitniJn’icoidcs at the upper and anterior aspects of the liver. 
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Plate 2. 

A scar is lumhricoidcs at the posterior aspect of the liver. 
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Plate 4. 

Ascctris litmbncoidci' between the spleen and gastro-splenic ligament. 
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TIPU’S MILITARY EXPENDITURE. 

(An Attempted Estimate,) 


By Dr. M. 11. Gopai., M.A., Ph.I). (Bond.). 
lAsslstarit Professor of KeonomieSj University of Mysore.) 


Tlip military pxppndituiv in thedays of Ti])\i ami his fatjipr 
was probably tlu^ most important it(mi of (‘\])endituiv. Al- 
tliou^,di suffl(‘i(‘nt data are noi. availabh^ to determine it with 
certainty, yet it ap])ears possible to jret some id(‘a of tbe prob¬ 
able cost. Tlie stnm.uth and organization of the army tlu^re- 
fore will be dcdprmimMl before a calculation of th(‘ exi^ensi^s 
is att(*m])ted. 

Accordinj^ to a Kuropean deserter from the Mysore^ Army 
in 17S;P Tipu’s troo])S besi(‘^ini( Bidnor(‘ numbered sixty 
tliousaiid horses; thirty thousand regular w(dl-dis(*iplin(‘d 
S(‘poys; six hundr(‘d Fremdi European infantry umbo* tln^ 
command of (^)lonel Fossigny ; Monsieur Jjally's troops com- 
l)osed of Euroy)eans and nativ(‘s, and a French trooy) of Ibiro- 
pean dismounted cavalry, under tlie command of Monsieur 
Boodena, a (*aptain in th(‘ French S(‘rvi(*(‘; with th(*ir hundred 
pieces of artillery from four to twenty-four pounders; and 
irrei^ulars. Tin* whole supposed to exc(M‘d one liundred and 
forty thousand tij^htin^* men.’’ John Campbell, tin* British 
officer at Mangalore, who records th(‘ fon^fjjoin^c st.ateimmt', 
remarks,- this prov(Ml to be a very just a(i(*-ount of the (uuuny’s 
strength’', when Man^alorc^ was besiej^ed soim* tiim^ later. These 


^ Faiiipbc'irs Prfrnrc of Manyalore (I7HI), ]). 0. 

- Ibid., iiho Homr Misndlaofoiia, Vol. 2 IS, p. H. 

Th(^ Home Miscellaiteous scries of MSS. to be found in the India 
Office B(‘cords !)e])a]tni(*nt consists of nns(‘(dlan(M)us hdters, i‘(*p()rts, 
diaries, etc., in MS., copies as well as orij^inals, sent to th(‘ Horne 
authorities fi-oru India. The MSS. cover almost tlie whole jreriod 
of the Company’s life in India. Tlu^ hundrtals of volumes of this 
seri('s are a veritahh^ mine of information. 1 am grateful to th(' 
India Ollice for permitting me to make use of tliis sruh's arnoni!: others. 
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figures are corroborated by what is said to have existed in 1781 
in the last days of Hyder.^ 

About this time in 1783, Tipu made his first attempt at the 
reorganization of the army.^ The infantry was divided into 
various brigades called kushuns each under a sipdhdar corres¬ 
ponding to the brigadier-general. With the help of a hukshi and 
two mutsaddiesy he was responsible for tlie accounts and civil 
administration of. the brigade, in addition to liimself being in 
charge of its military affairs. To help him on the administra¬ 
tive side there were also a saryusakchi or brigade-major and the 
yusakchis or adjutants who conveyed the nipalidafs reports 
to the Sultan. Each kushun was compos(^d of four risdloH’' of 
infantry and, according to Tipu’s officer, had one Up of cavalry 
attached to it. 

Each rimla or regiment was placed under the charge of a 
risdldar and was divided into four joivks^' or companies eacli 
under a jomkdar, corresponding to subedar of the Indian army. 
The jowk consisted of about 90 meid divided into 15 yuzuks\ 


3 Kyrc Cootc to President at Fort St. (Jeorge, 0th July, 1781. 
(P^orrest: Selections, Maratka Series, Vol. Ml, p. 792.) 

* This account is based on the Fuihul Mujahideen, extracts from 
whicli arc given in Kirkpatrick’s Select J^ellers of Tipu Sultan, 
appendix (i) ; and on the account of one of Ti])ii’s oflicers in 

1790. Home Miscellaneous, Vol. 251, pp. 300 and ft. This account is 
“taken from the information of Mahomed Khoushro who left Tipu 
near Dindigul in May, 1788”, and is dated Madras, 1st Decend)er. 

Lord Macartney in his letter to the Secret Comniitt(‘e of the 
Court of Directors dated 30tii January, 1785, refers to tiiis n'or^aniza- 
tion. Paras 12 and ff. Home Miscellaneous, Vol. 217, pp. 378 and ff. 

Munro in a letter to his father dated 17th January, 1790, refers 
to Tipu’s scheme of reorganization. (Gleig, Life of Sir Thomas Munro, 
Vol. I, p. 85.) 

® Tijni’s letters dated 5th and 9th May, 1785 (Kirkpatrick, 
op. cit,, pp. 57 and 298, Nos. XLTI and CCLXX) indicate the risdla 
to be a part of a kushun, Tlie strength of a risdla varied from 500 to 
1000. Ibid,, pp. 59-60. 

® Tipu to Burhanuddeen, 5th May, 1785 (KirkiDatrick, op, 
cit,, p. 56, No. XLI) indicates jowk as a subdivision of a risdla, 

^ According to the account of Tipu’s officer the jowk consisted 
of 125 men. (Home Miscellaneous, Vol, 251, p. 301.) 

4 F 
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The ofRcer next below in rank to the jowkdar was the mrkhil^ 
the jamedar of modern days, with another officer the jamedar 
equal to th(‘ havildar of to-day. Each yuzuTc consisting of six 
rank and ille called jhh was commanded by the y uzukdar. 

Th(‘ smallest unit of the cavalry was the yuz under a 
yuzdar and compos(Hl of 95 troopers or uskars. The sarkhil 
was th(^ next liigher officer. The tlpdnr commanded a tip 
made up of four yuz ; four Ups made one moukoub under a 
monkoubdar. 

It is not known if the 10,000 troops from Mauritius 
reb^red to in Ti])u’s letter to M. Moneron” arrived at all in 
Indiain 17S()-87, or at any other time. However, in 1789 when 
the Sultan invad(‘d Travaneon^, the army with him is said to 
have been 85,000.'’ That this figure did not probably indicate 
the whole of tlu» Mysore army is corroborated by a statement 
of J. Charniers, a contemporary.^® According to a Portuguese 
desert(U‘ from Mysor(% the troops stationed in Malabar alone 
numbered 16 A:j/s/iwios* and 1 risdlas with 3,000 or 1,000 cavalry 
and uumcu'ous guns, making in all 34,000 regular foot and 
3,000 or 1,000 horse. Tf there were in a single province nearly 
3S,000 troops stationed, the total military strength of 
Mysore must have been considerable. In fact a letter from 
John I foliond dat(‘d 5t h August 1789,^^ gives the number of 
troo])S statioiKMl in various parts of the country at 60,000 
r(*gular infantry ; “ there are besides at Coimbatore 30,000 
matcldoek nuui and irregulars, and more are expected.” In 
this (‘stiniatc^ there is no mention of either the cavalry or the 


” lA‘tt(*r No. CCCXCIX, datcid 19th Novenffier, 1780. (Kirk¬ 
patrick, op. cit., p. 11(5.) 

^ il];s, Jf islorif of Mysore, Vol. IT, p. 140. 

Ilohif^ Miseelhtnro 118 , Vol. 248, p. 42.5. This account contains 
d(‘lai]('il statcriK'ids of the number of kushmis with the names of the 
foiizdors and subedors, stationed in various parts of Malabar. Some 
of the p<i]-ticiilar.s about the cantonments and the number of troops 
are corroborated by a lett,i?r from John Hollond to I.ord Cornwallis 
of tin? 5th Auiriist, 1789. {Idem., p. 40.5.) 

Jolin Jlollond, Fort St. Gc^orge, to Lord Cornwallis, 5th Augusts 
1789. (Ilo)tte Miscellaneous, Vol. 248, p. 405.) See also Powney to 
the (Hovcrnor in Council, Fort St. George, 23rd July, 1789, (Idem*y 
p. 135.) 
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commissariat, or even of some of the garrisons as in Chittalc- 
doorg, and Gurumconda. On the otht^r liand it perhaps in¬ 
correctly takes tlie strength of a hushun to 4,000, while 
various accounts including the Sultan’s own military regulations 
of 1793-95 give the ligure at not more than 3,000.^“ 

As against these hgiires can be put forward the statement 
of one of Tipu’s mutsaddies or accountants taken prisoner by 
the British troops. According to hirn^'* the Mysore army con¬ 
sisted of 12,000 irregulars armed with jukes and matchlock 
and 0,000 cavalry. These figuu^s do not aj)pear to denote the 
strength of the whole army. Tf they do, their trustworthimvss 
is doubtful. For the other accounts of the Mysore' army 
uniformly giv(i liiglu'r figures. Moreover, it is natural to 
exi^ect a Mysore accountant to refrain from giving the true 
strength of his master. On the contrary, llollond’s account 
seems more trustworthy because it is more detaih'd and gives 
the number kushuns mentioned in various place's. Further 
it is given by a renegade from the Mysore army wlio had 
long served under the (Cochin Dur’oar, who h'ft the Mysore 
service once for all and who could therefore have no interest 
(dther in minimising or in exaggerating the strc'ngth of I’ipu. 
Above all, thehigln'r figures are corroborated by otlu'r sources. 

Thus an officer of Tipu writing in 1790^* gives the stn'iigtli 
as follows :— 

Cavalry : 

stable horse .. .. „. 7,000 

Hired horse^'' .. .. .. 12,000 

19,000 

Kirkpatrick, o/>. ciL, appemlix ])p. xcvii and xeix : Tlu^ 
Sultan’s regulations of 1703 gave the strength at 1302 p. xevi) 

while acconling to Futhul Mujahideen^ it was 2028. 

Powney to the CJovernor-Oenoral, 4th January, 1700. {Home 
Miscellaneous, Vol. 248, p. 435.) 

Home Miscellaneous, Vol. 258, jip. 300-303. This account is 
“taken from the information of Mahomed Khoushro who left Tipu 
near Dindigiil in May, 1788.” 

Of these the officer says that “there are not above 3,000 of the 
hired horse that can be called good cavalry—the restare more of the 
plundering kind.” This suggests that 3,000 were silladar horse and 
9,000 predatory. 
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Artillery : 

Golandazies (gunners) .. .. 2,000 

Lascars .. .. .. 8,000 

European artillery two companies .. 30 

Regular Infantry : 

Ghelas and Ahmedies .. .. 6,000 

Dismounted troopers .. .. 8,000 

Sepoys .. .. .. 55,000 

Irregular Infantry : 

Fighting peons .. .. .. 40,000 

Kockctmcn .. .. .. 5,000 


45,000 

Pioneers, labourers, etc. .. 70,000 

Two risdlas of topasses with 100 

Europeans .. .. .. 900 

Lally's Party .. .. .. 630 

It will be observed that, according to John Hollond, the 
regular foot numbered 60,000 and the irregulars, mobilised 
at Coimbatore, 30,000, as against 69,000 and 45,000 given 
by Tipu’s officer. Further, according to a memorandum of 
December 1793‘° at the beginning of the war of 1790 “ Tipu’s 
force was estimated at 45,000 regular infantry and about 
20,000 horse exclusive of irregular peons which are called 
kundachar.'' Moreover, Sir Thomas Munro writes in 1790^^ 
that “ Tipu supports an army of 110,000 men, a large body of 
which is composed of slaves, called Chaillies.'' A British 
officer records in April 1791 that the Mysore army encamped 
near Bangalore alone was “ at least 80,000 men”. Again, the 
number of casualties on the Mysore side in the war of 1790-92 
is alleged to have been 49,340. Under these circumstances 

Memorandum of Tipu’s military force, etc., Dec., 1793. 
iBrititih Museum Additional MSS.y Vol. 13659, folios 79-86.) The 
British Museum Additional MSS. comprise documents (originals and 
copies) in English and other languages relating to various topics and 
countries and presented to the British Museum. 

Letter to his father dated 17th Jan., 1780, (Gleig, op. cit, 
Vol. 1, p. 85.) 
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the figures given by Tipu’s officer may perhaps be assumed 
as correct. 

It has been truly said of Tipu that “ his father Hyder 
was partial to his cavalry and kept a much larger body than 
he does ; he is partial to his infantry and has made great 
augmentations to them.''^” To compare :— 



Hyder 

Tipu 


(1780) 

(1790) 

Cavalry (excluding predatory horse). 

32,000 

16,000 

Infantry 

27,000 

69,000 

Peons (fighting only) 

28,000 

40,000 

Kocketmon 

7,000 

5,000 

These figures indicate that while Hyder placed his trust 


mainly in the cavalry and the artillery, his son depended 
upon the infantry. It may be said that Tipu halved the 
numbers of the former and doubled those of the latter. These 
changes had both military and financial consequenc(‘S. Tipu, 
as Sir Thomas Munro observes,^weakened himself by this 
reform. Financially there was some economy as the cavalry 
was paid higher than the foot. The financial effects will be 
discussed presently. 

In March 1793 the Sultan addressed an ordinance to the 
Military Department {Mir Miran) detailing a new scheme of 
organization,^® In August of the same year the sovereign him¬ 
self drew up a memorandum differing very little from tlie 
ordinance, except that in August there was some reduction 
in the cavalry.^' This reorganization was very probably the 
outcome of the recent defeat of the Mysore troops in the war 
of 1792, and of the monarch’s desire to organize an invincible 
army for the next war against the Company. 

The army was divided into two parts, the infantry and 
the artillery on the one side, and the cavalry on the other. The 
infantry itself comprised the regular troops and the peons or 
the irregulars. The former were systematically drilled and 


Home Miscellaneous, Vol. 251, p. 302. 

Munro to General Wellesley, 16th Dec., 1803. (Gleig, op, cAt,, 

p. 181.) 

Kirkpatrick, op, clt,, appendix L. 

Ibid,, p. xcii. 
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disciplined and fully and regularly paid. This regular infantry 
was divided into fivc^ kacheris and composed of 27 kushuns, the 
lirst two kachcris having six kushiim each and the other three 
only liv(i each. Every kushun was placed under a sipdhdar 
and had two held pieces attached to it. It consisted of four 
tips each commanded by a tipdar. The Up was divided into 
four yiiz under four yuzdars. The strength of one yuz was 
87 men, that of a tip 348 and of a kushun 1,392.““ The 
kushun^ however, had attached to it one jowk of rocketmen 
(39 men), two joivks of rnatchlockmen (112 men), two jowks 
of khulasies or lascars (122 men) and drivers, etc., in all 360 
men. In addition each tip had its own staff just as (^acli kushun 
liad. The total numb(ir of men in each kushun was thus 1.752 
and in tin* regular infantry (27 kushuns) 47,304. 

In ad<lition to this then', appear tn have been 1,000 troops 
(including 500 Europeans) ; the old corps of M. Vigie, three 
indepcmdent tips of regular infantry attached to the iirsf/ three 
kacheris, guii-lascars, drivers, pioneers, etc., bring the total 
of tlie regular foot to 52,760. But in actual fact this does not 
a])pear to have been the number. As the Memorandum ob- 
S(‘rves“^ “ altliough 1,296 non-commissioned oflicers and pri¬ 
vates be the established strength of a cushoon of 4 risdlas, some 
mishoons are above the com])lement and the majority are under 
it,” and, moreover, the number of kushuns actually existing 
seems to have been only 22,^* and may be reckoned on an 
average at 1,000“'^ men. To this must be added the indepen¬ 
dent risdlas comprising mainly of chelas, numbering about 
8,000,-^* and tlie gunners at 2,000.“^ Thus the regular foot 
actually in existence would be about 32,000, as against 52,000 
according to the regulations. 


2 2 A slightly different account is found in the Memorandum 
of 1793. The number of N. C. O.’s and privates in a kushun is given 
as 1,206, each liaving S4 figliting men and officers. liut the differ¬ 
ences are Ujo insignificant to be considered. 

2‘^ Memorandum of December, 1793. {Bri. Mus. Add, 

Vol. 13659, folio 83.) 

2^ Idem,, folio 80. 

25 Ibid, 

20 Ibid. 

27 Bri. Mus. Add. MSS., Vol. 13659, folio 84. 
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The other branch of infantry consisted of the peonn or 
irregulars who appeared to liave served as garrison troo])s. 
Their number is mentioned in Tipu’s ordinance of 1793, as 
25,000,^"^ 36,000 of whom were in the provinces and 10,000 in 
the capital. These troops were very probably reduced aft(‘r 
1792 in view of the reduction of the kingdom to nearly half 
its former extent, and in view of the demolition of some forts 
in the kingdom,which naturally decreased tlie number of 
places to be garrisoned. 

The cavalry was of three kinds. The r(‘gular cavalry 
or sowar usTcar consisted of men wliost^ ]iors(\s wviv owikmI by 
the State and maintained at its expense.It was divided 
into three kacheris or divisions, each consisting of six moiikoubs 
or regiments of 389 horses and 370 num. A moukoah was 
divided into four tips, each Up into two yu:: and (nu*li yiiz into 
two stables, generally consisting of 22 horses eacli. JCacli 
division had guns and gunners attached to it. Thus tin* total 
strength of the regular horse would b(* about 07,000 men and 
7,000 horses ; and a little more than the regulat(Kl strength 
appears to have actually been in existence.’^ 

The irregular horse consisted of the sllladars and th(‘ pre¬ 
datory horse, called kxizzuk:^'^ The organization of this branch 
of the army is uncertain. For according to Ti{)u's Uegulations’^ 


2® Kirkpatrick, op. c?7., appendix j). cii. According to the 
Memorandum of December 1793 {Bri, Mus. Add. MSS., Vol. 13(2)9, 
folio 79), “their number cannot easily be eseeitained, but it is said 
there are J ,000 peons in Tipu’s xmy for every lac of ])agodas of 
revenue which being estimated at 30 lakhs, it may ])e supposed there 
are 30,900 peons of this description.” Under these circumstances 
Tipu’s figures being more definite and sinall(*r may perhaps be 
referred. 

2® Bangalore and Uosur, for instance, were destroyed after the 
war by Tipu’s own orders. (Malcolm’s Abstract, Marlin’s Despatches 
of Wellesley, Vol. 1, p. 055.) 

Also see Colin Mackenzie’s Journal of Observations on the march 
from Hyderabad to Seringapatam in 1798-99. {Bri. Mus. Add. 
MSS., Vol. 13033, folio 33.) 

Memorandum of December 1793. {Op. vit., folio 80.) 

The number is given at 7,000 in the Memorandum of Dec. 
1703. (Op. cit., folio 84.) 

Kirkpatrick, op. cit., p. ciii. 

Ihid. 
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the silladars were divided into two kacheris each commanded 
by two hukshies and divided into 8 risdlas of 250 horses each, 
besides the usual staff of mntsaddiesj surgeons, etc. The total 
number of tlu^ silladars would be 4,000.^^ The predatory 
horse is said to have been composed of 3 divisions of 2,666 
each divided into 6 risdlas of 260 each officered in the same 
manner as the silladars, Tlie total number of the predatory 
force is stated at 8,000. 


On tlie otlu^r liand it is said®"’ that “ the irregular horse 
are not formed into corps and each officer commanding a 
party makes such arrangements as he thinks proper,” and 
that the two kinds of the irregular cavalry differed from each 
other ill tliat the commanding officer of one contracted to 
furnish both man and horse for a higher pay than in the other 
where the hors(^s were owned by the State. The total number 
of botli kinds of irregular horse is given as 6,000. 

Here again it is probable that although according to 
Ti])u’s regulations the irregular horse were expected to be 
12,000 in all, actually just after the w^ar there were only 6,000 ; 
for the war of 1790-92 coupled with the great inclemency of 
weather in those years is said to have v-ery greatly reduced 
his cavalry. 


According to tlie above-mentioned computations 
Mysore forces in 1793 numbered as follows :— 


Infantry : 

Kegulars'^^ 

Irregulars 

Cavalry : 

Kegulars (stable horse) 
Irregulars 


32,000 

25,000 

7,000 

6,000 


the 


Total strength .. 70,000 


It is not clear how on these facts Kirkpatrick gives the number 
as 6,000. {Jbid,) 

Memorandum of December 1793. iOp* cit., folio 84.) 

Jtlxtract from a letter from camp between Hosur and llaicotta 
dated lOth August, 1791. (Home Miscellaneous, folio 84.) 

37 These include 2,000 gunners. 
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In this connection what appears to be a mistake about 
the Sultan calls for some remarks. It is generally held'*'' that 
after 1792 in spite of the advice of his officers and in the face 
of the decaying finances Tipu refused to diminish his army. 
“ After the peace of 1792,’* says Bcatson,'**^ “some of his coun¬ 
sellors strongly urged him to discliarge th(^ superfluous pc^rsons 
attached to the different departments of his government, and 
to diminish tlie extent of his military establishment; without 
which his receipts would n(^ver be made adequate to his expenses. 
He reiflied, ' these people are fed by God, not by me,’ and he 
never would listen to suggestions for reducing any part of his 
estabhshments.” 

This opinion does not appear to be borne out by the pre¬ 
ceding discussion, and seems to do injustice to the Sultan. 
On the other hand, Tixm apxiears to have diminished his forci‘.s 
to a considerable extent, although jierhaps not in proportion 
to tlie decrease in his prosperity. Thus the forces were :— 


Infantry: 


1790. 

179.3. 

Begulars 

.. • 

09,000 

.32,000 

Irregulars 

.. . . 

45,000 

25,000 

Artillery 

.. 

10,000 

.... 

Cavalry : 

Kcgulars 


7,000 

7,000 

Irregulars 


12,000 

0,000 


Total 

14.3,000 

70,000 


Even according to the military rc^gulations the total 
strength should still have been 91,000. 

A word of explanation is needed herci. The pioneers number¬ 
ing 70,000 mentioned as existing in 1790 are not counted above 
on the assumption that they existed in 1793 also. But it is 
probable that there was a proportionate reduction in this 
branch of the army, for if any troops were important to 
Tipu it was certainly not the pioneers, and if there was to be 
any sacrifice, the fighting Sultan would naturally lay his hands 
on this evidently less useful unit of the army. 

3® Wilks, op. city Vol. II, p. 288. Boatson’s JVar with Tipu 
Sultan, p. 163. 

Stuart’s Catalogue of the Library of Tipu Sultan, Introduction p. 70 
Op. cU,, p. 163. 
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Even assuming that the pioneers continued untouched 
the figures given above show that one of the effects of the war 
of 1792 was the reduction in the forces by nearly half. 

Little information is available until 1798. However, 
in the treaty Tipu proposed “ to the peoph^. of the Isle of Franco 
and Le Ee-lJnion,”'^® on 2nd April 1797, Tipu writes, ‘‘As soon 
as the French army sliall have embarked, T engage to march 
with my troops, whicli shall, in the first instance, consist of 
30,000 cavalry and 30,000 infantry and artillery, well disciplin¬ 
ed in arms, ammunition and everything necessary for the 
success of our enterprises.” It is not clear what the phrase 
‘ in the first instance ’ signilies and whether th(^ army mention¬ 
ed was actually existing or whether the numbers indicate the 
troops which Tipu expected to recruit. 

Between 1793 and 1798 the Sultan appears to have 
effected some more changes in th('. organization of the army, 
resulting in a decrease of it s numbers and a reduction in ex¬ 
penditure.'^ Tlie regular infantry in June 1798 consisted of 
seven kacheris instead of iive and the total number of kushuns 
was 28 instead of 27, each kacheri uniformly consisted of four 
kushuns ; but the strength of a kiisMm was reduced in 1798 
to 989 officers and privates, exclusive of artillery and rocket- 
men. The kacheris varied in strength from 1,500 to 3,500 men 
of whicli one of 3,000 was of Hindus. 


Official Documents relative to the Negotiations carried on by Tipu 
Sultan with the French Nation and other Foreign States^ p. 83, Article 
Oth (printed at Calcutta, 1799). 

Only the principal differences bdween 1793 and June 1798 
will be nottnl. 

Macleod says in his Computation of the Forces of the Sultan in 
June 1798 (Forrest’s Selections, Maratha Series, Vol. 1, Part HI, 
p. 723), that Tipu changed the organization of tlie army so frequently 
that “it is often dilVicult to coinyu-ehend them.” This appears to be 
corroborated by C.’aptain (later Sir .John) Malcolm’s Abstract of Tipu’s 
Forces, dated lOth July, 1798, where the organization of the army 
is given differently (Martin, op, cit,, Vol. 1, pp. (151-670). 

This reorganization of the Mysore troops may have been 
influenced by the reorganization of the Company’s army about 
1795-96. (Remarks on certain alterations in the equipment or 
custom of the army since 1790. Colin Mackenzie’s Journal of the 
March to Seringapatam, Bri, Mus, Add, MSS,, 13663, folio 10.) 
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The total number of rof^ular foot inehidin.iGj the artillery 

was 19,160.^2 

The number of the irn^^ular foot is not known, but in 
view of the 13,500 existing-, acteordinjL? to (Uiptain Male.olm, in 
July 1798, the former streiij^th of !35,000 may not have con' 
tinned in June 1798. 

The r(\e:ular cavalry was divided into sevim kacheris 
instead of thre^e, according to tlie colour of the lu)r8(‘S. There 
were four instead of six moulcoubs in (*ac)i Icacheri^ tlu^ strength 
of each moukouh varying from 55 to 700. Mach i/n:^ consisted 
of 58 men including horse-kc^epers. Of the seven kachens 
one witli 500 men was added in 1794 and two othc^rs of 737 
men in June 1797.^‘ The total regular cavalry numbtired 
3,492 and with an addition of 700 body-guards of tlie Sultan, 
made the total of 4,192. 

The silladar or irregular horse w(u*o in six karheris instead 
of two and numbered 0,000. TIku'o W(^re two kackeris o 
Hindus and four of Malioinedans, the former being forme-l 
in 1795."^ 

Thus in June 1798 the Mysore army was perhaps 32,252 
strong.^"* Macleod observes “ 1 have been informed by a p(^rson 
who had access to the rolls of the army, that its whole strength 
(in June 1798) was:— 

Uegular (.^avalry .. .. 4,000 

Irregular Cavalry .. .. 0,000 

Eegular Infantry .. .. 20,000 

I do not feel any suspicion that t.here can be a material 

incorrectness in that statement.” lliese figures are of course 
“ exclusive of j^cons and independent companies of infantry 
attached to particular forts”. 

Compared with the army in 1793, the figures for June 1798 
exhibit a reduction, particularly in the regular infantry, to 
the extent of nearly 12,000 men. ” The strength of the 


Macleod’s Conipataiion (Forrest’s Selections, Maratha Series, 
Vol. 1, Pali III, p. 722). 

^3 Ibid,, p. 718, 

** Ibid. 

Ibid., p. 722. 

Ibid., p. 721. 
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infantry (in 1798),” writes Macleod/* “has increased consider¬ 
ably since the year 1794. This is accounted by the effect of 
the Sultan’s regulations of not admitting any Hindus into his 
corps, Mahrattas and Eajpiits excepted. It may be urged 
that there ought to be present in his army as many Mahomedans, 
Mahrattas and Eajputs as there had been in 1794 ; but the 
deficiency may be reconciled when it is recollected how much 
the sources of his recruiting have been limited by the cessions 
he made in 1792 ; and that from the army he had at the break¬ 
ing out of the late, he had lost by desertion a much greater 
proportion of Hindus than of Mussulmans.” Whatever the 
cause of the diminution in the members, the figures again indi¬ 
cate the incorrectness of tlie belief, alluded to before, that the 
Sultan did not reduce his army after 1792. 

However, immediately after, in July 1798, Tipu appears 
to have begun to recruit additional troops. Even in June of that 
year Macleod was aware of this tendency. “ The foregoing 
computation of the army,” he observes,'*'' “ to the state 

in June last (that is, in 1798), but since that period it has under¬ 
gone certain changes and arrangements, particularly in the 
number of infantry corps, being increased by drafts. There 
is, however, no ground to believe that the actual strength has 
as yet been augmented, although the increase of the number 
of corps may be supposed to indicate a design to increase the 
strength.” But there appears to have been an actual increase 
even in July 1798, according to Malcolm.^® The actual strength 
of the army in July 1798 was, according to hira'^'': — 

Macleod’.s Compulation (op. vit.y p. 721). Ibid.ip.l23. 

Abstract of the present state of Tipu S\iltan, dated Kith July, 
1798. (Martin, op. cit., Vol. 1, pp. 651-670.) Malcolm was Persian 
interpreter to the Madrtas Government at this time, llis account 
of the organization and regulated strength of the Mysore army differs 
from that of Macleod referred to in the foregoing pages. Although 
the two accounts describe the Mysore army wnthin about one month 
of each other, yet they need not be contradictory to each other, 
specially in view of what Macleod himsdf. besides many others, says 
of the frequent changes introduced by Tipu. The accounts have 
therefore been taken as supplementary to each other. 

Ibid., p. 652. The number of pikemen is given in the Abstract 
as 15,000 which appears to be a mistake for 1,'500 which is the number 
mentioned in the same and in view of the regulated number of pikemen 
being 2,000. 
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Begular horse 

6,000 

Irregular horse .. 

7,000 

Regular Infantry 

.. 30,000 

Guards, Pikemen, peons, etc. 

.. 13,500 

Pioneers 

6,000 


62,500 


as against tlie established strength of:— 

Regular horse .. .. .. 2,000 

Irregular horse .. .. .. 1,200 

Regular Infantry .. .. 48,000 

Guards, etc. .. .. .. 18,000 

Pioneers .. ... .. 8,000 


77,200 


This augmentation of the forces appears to have been carried 
on till the beginning of the war of 1799. By the beginning of 
November 1798 the Sultan is said to have “ taken measures 
to augment his infantry by 8,000 men, and to recruit his cavalry 
to the number of 30,000. He is also levying 20,000 peons to 
be used in plundering.”^ According to the estimate of Khan 
Jehan Khan, one of Tipu’s trusted generals, the defeated forces 
of Mysore on 4th May 1799,'*- numbered as follows :— 

In or about the Capital :— 

Infantry .. .. .. 21,500 

Cavalry .. .. .. 14,500 


Outside the State :— 
B’orces 


36,000 
.. 12,000 
Total .. 48,000 


This figure excludes the killed, missing, wounded and 
deserters. 


Memorandum in Ix)rd Clive’s letter to Lord Momington, dated 
28th November, 1798, based on the intelligence of a person of Seringa- 
patam. (Martin, op. cit., p. 362.) 

Beatson, op. cit., appendix XXV. 

Compai'e Kirkpatrick, op. cit., appendix XCIV, footnot'e, 
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According to the foregoing discussion the Mysore forces 
stood in different years as follows'^^ :— 



1790. 

1793. 

1798. 

1798, 




June. 

July. 

Kogular Infantry 

.. 09,000) 

32,000 

20,000 

30.000 

Artillery 

.. 10,000 j 

.... 

.... 

.... 

Irregular Infantry 

.. 15,000 

25,000 

13,500 

13,500 

Regular Cavalry 

7,000 

7,000 

4,200 

6,000 

Irregular Cavalry 

.. 12,000 

0,000 

0,000 

7,000 

(Pioneers, etc. 

. . 70,000 

[0,000J 

6,000 

6,000) 


113,000 

70,000 

43,700 

62,500 


An att(‘Tnpt may now be made to compute the military 
expenditure at difCerent tim(\s. One of Ihpii’s letters dated 
29th April, 1780,mentions that the monthly pay of a risaldar 
“ according to the former regulatoins of the Jyshe Kuchrrry is 
ten pagodas exclusive of an allowance of twelve annas fulmy 
for every man mustered.” It is not known what “ twelve 
annaswere equal to.'-''* According to the revised regula¬ 
tions of 1793'‘‘‘ the allowance Avas withdrawn and a consolidat¬ 
ed salary of 30 kantiroy pagodas or 90 ru])ees were given to the 
tlpdar as the risaldar was later called, while in June 1798 it 
was reduced to 25 kantiroy pagodas. 

Another letter dated llth June, 1780’^ mentions 5 to 0 
rui)ees as the pay of a boy and 9 rupees as that of an adult 
belonging to the Jyshe. It may therefore ho. taken that the 
regular infantryman was ])aid about nim^ rupees. As for the 
pay of the paideh or irregular foot, Tipu writers on the 13th of 
June, 1780,’'' “ You will make them a monthly allowance of 

ten fanams per man,” i.e., 1 kantiroy pagoda or 3 rupees. The 
pay of the other branches of the army for this period is not 

The number of pioneers being unknown in 1793 and 1798, it 
has not bc'en added uj) in tlie other yeais. Tn June 1798 the number 
of irregular foot being unknown, the figure for .July 1798, when the 
other branches of the army were augmented, has been assumed. 

Kirkpatrick, op. p. 285, No. CChX. 

Kirkpatrick says that he is not sure of the translation of the 
passage regarding the jiay. 

Kirkpatrick, op. cAt., appendix L. 

•'*’7 p. 317, No. (X?XV. 

58 /6id., p. 82, No. KXI, 
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known, as also the strength of the army, and it is not possible 
even to conjecture the expenses at this period. 

However, as the reorganization of the army does not appear 
to have taken place before 1793, the scah^ of pay in 1786 prob¬ 
ably continued unaltered till 1793. And the number of troops 
about 1790 being known, the expenses at that time can per¬ 
haps be api3roximately calculated by taking the average pay of 
the private and officer alik(‘ of th(^ regular infantry at 3 haniiroy 
pagodas a month and of the irregular foot at 1 Icantiroy pagoda 
a month.The scales of pay for 1793 are available in great 
detail for some branches of the army in Tipii’s regulations 
of the year. Maeleod’s Computation and Malcolm’s Abstract 
supply the data for 1798, the former being often as dc'tailed 
as Tipu’s Ttegulations. A comparison of Tipu’s Regulations 
and Maeleod’s Computation indicates that the 1793 rates of 
pay continued almost, unchanged till Juno 1798. 


A study of th(‘ foutgoing information suggests tlu^ follow¬ 
ing tabic of the comparative rates of pay in various years. :— 



1790. 

1793. 

1798 

1798 

Regular Infantry :— 



June. 

July. 

Pay of private 

3.0 

5.1 

.5.1 

8.0'“' 

Average pay per capita 

(2.7) 

4.8 

4.4 

. . 

Irregular Foot :— 





Pay of private 

1.0 

2.0 

2.25 

{ 

8 

Regular Cavalry :— 





Pay of private 

[.‘1.2] 

15.4]- 

5.4 

1200 

Irregular Cavalry :— 

Rs. 

Rs. 

Ks. 

Rs. 

Silladars —pay of private 

(17.71 

[267’- 

28-30'- 

40-45 

0® Tn 1798 when the general scale of i>ay w\'i 
tlie pioneers were paid 8 rupees a month. 

us iirobably higher, 


00 Net x>ay. 

oi The Memorandum of December 1790 {op, cit,) mentions two 
kinds of irregular liorscs one of wliich was the .silhidars and the other 
where the State owned the horse and paid the rider i rupee per day 
for his pay and the maintenance of the horse. The latter was very 
probably the regular cavalry, and the pay is given as 15 rupees a 
month. 

0 2 Ibid, This is based on the statement that one kind of 
irregular horse was where the ollicer furnished the liorse and rider 
for about J rupee a day. There appears to be little doubt that these 
were the silladars, 

00 Kirkpatrick says {op, cit., appendix p. xciii) that 30 rupees 
were the usual average pay of n\en riding tlieir own horses, 
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The foregoing table needs some explanation. The figures 
in brackets are those suggested as the pay, wherever definite 
figures are not available. Those without brackets arc found in 
Tipu’s Eegulations for 1793, Macleod’s Computation for June 
1798 and Malcolm’s Abatraet for July 1798. The average pay 
is computed from the first two of the foregoing authorities, and 
denotes the average for officers and privates, and non-comba¬ 
tants, composing a regiment. The suggested scale of pay, 
both average and for privates, is based on the ratio between 
the established salaries as given by Tipu, Macleod or Malcolm ; 
and the figures for the regular foot being more exactly available 
than for the otliers, the ratio between them is taken as indi¬ 
cative of the proportion between salaries in the other branches. 
Regarding the figures for July 1798, tlie salaries for the regular 
foot and horse are said to be net, while those for the irregular 
foot and horse, are not net. “ T stile it net pay,” says Malcolm,®* 
” because all the troops have a nominal pay, exceeding consi¬ 
derably what they actually receive, a circumstance which 
arises from the difference of exchange in the drear payments 
and in the Bazaar.” 

Macleod®^ also mentions stoppages in the pay, but it is 
doubtful if these are tlie same as the difference mentioned 
by Malcolm. Buchanan probably referred to what Malcolm 
alluded when he wrote®® ” wdien he (Tipu) was about to pay 
his troops, the nominal value of each coin was raised very high 
and kept at that standard for about ten days ; during which 
time the soldiers were allowed to pay off their debt at the high 
valuation. After this the standard was reduced to the i3roper 
value.” However, this may perhaps explain to some extent 
the difference between tlie figures for June and July, one being 
net, and the other given in the foregoing table, not being net. 

In view of the lack of more reliable and definite data 
the foregoing figures, though far from exact, can perhaps form 
a rough basis of calculation. 

Thus the expenses of the army in the form of pay in 1790 
would be :— 


Martin, op. cif., p. 653, footnote. 

66 ;p’orrcst, op. cii,, p. 721. 

Francis Buchanan, Journey from Madras through the Countries 
of Mysore^ Cannra and Mysore, 1807, Vol. I, p. 129, 
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Kantiroy Pagodas 
(per month). 

Infantry : 

Kegular .. .. .. 2,12,300 

Irrogular .. .. •. 45,000 

- 2,57,300 

Cavalry : 

Kegular .. .. .. 22,100 

Irregular . . .. .. 70,100 

-02,800 

3,50,100 

or Ks. 101 lakhs. 

One important item has been omitted and that is the 
pay of 70,000 pioneers. In duly 1708 the pioneers were paid, 
according to Malcolm, 8 rupees, and if they were paid in 1700 
at least 4 rupees, tliat would cost about 2.8 lakhs of rupees 
per mensem, bringing the total monthly expenditure on 
salaries to 13.3 lakhs of rupees. 

After 1792 the exi^enses and the number of troops were 
reduced. The monthly expenditure on 32,000 regular foot 
including 2,000 artillery was Rs. 4,54,800."* Of the 25,000 
garrison troox)S, 15,000 were stationed in the provinces and 
paid at 2 kantiroy pagodas each for forty days, while the 
remaining 10,000 troops stationed at the capital were paid at 

According to Tipu’s Regulations the expenses woxild be 
Rs. (i,()7,000 per niens(*rn, the details being : 


Kor four kacheri h 

Rs. 

.■>.43,r>13 

For the fifth kacheri .. 

74,370 

French troops 

24„537 

Three extra tips 

15,8«4 

Pioneers, drivers, etc. 

8,820 


fi,fi7,000 


The fifth kacheri was paid higher salary being the Sultan’s 
favount»o corps. 

As already pointed out the regulated strength and expenditure 
do not seem to have nctiially existed. 
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2J kantiroy pagodas each, probably for a month of 30 days.®® 
The j^arrison would therefore cost per month of 30 days 
Es. 1,57,500, the provincial {garrison involving Es. 07,500, and 
that at the capital Rs. 90,000.®® 

As regards tlie cavalry, the Memorandum of December 
1793 indicates that the regulars were paid 15 rux)ees a month, 
and the pay of 7,000 regular horse would, therefore, come to 
Es. 1,05,000. Six thousand silladars at Es. 20 each per month 
cost Es. 1,50,000. 

Tt is uncertain how the predatory horse, 8,000 in number, 
were paid. Kirkpatrick thinks that the officers received a 
regular salary like* tin* silladars and presumes that thc' men 
also must have received pay during peace, although during 
war they were allowed to retain the booty they obtained in 
lieu of pay.*® It is, however, difficult to make even a guess 


regarding these troops, 
for the present. 

and so they may be left out of account 

TluiR in 1793 the cost of the })ay of the troops per month 
of 30 days was :— 

Rs.. Rs. 

Infantry : 

Eegular 

.. 4,54,800 

Irregular 

Cavalry : 

.. 1,57,500 
-6,12,300 

Eegular 

.. 1,05,000 

Irregular 

.. 1,56,000 

2,11,000 


Total ., 8,23,300 


In June 1798, when there appears to have been a further 
reduction of troops, the expenses probably stood as follows :— 


Kirkpatrick, oy, vii,, a])pomlix p. cii, footnote 23. Kirk¬ 
patrick does not say if the garrison al- the capital also was paitl at 
40 days a month ; as ho mentions it only witli reference to the piovin- 
cial garrison it is probable that they wore paid for 30 days. 

Ibid,, appendix p. civ. 

Ibid. 
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Infantry : 
Regular 
Irregular 

Cavalry: 
Regular 
Irr(‘gular 


Rs. Rs. 


2,64,000 

85,860 

-^- 3,49,860 

68,040 
1,80,000 

- 2,48,040 


Total .. 5,97,900 


Six lakhs of rupees seem to have been the approxirnatt^ monthly 
expenditure in June 1798. 

From July 1798 the number of the troops was increased 
and very probably the expenditurt'. also was increased. But 
the details regarding the pay and particularly with regard to 
the exact significance of what Malcolm calls ‘net pay ’, are not 
sufficient to permit even an approximate calculation of tluj 
expenditure after July 1798. 

There is one important consideration to be borne in mind 
while dealing with the foregoing estimates, and that is, that 
the pay does not appear to have been issiUMl regularly or for 
full twelve months in the year. One of Tipu’s letters of 11th of 
September 1785'^ refers to the distress in Kamaruddin’s divi¬ 
sion for want of jjay, and to the dispatch of 20,000 x)agodas 
for distribution. Another letter'- vividly describes the state 
of affairs: ‘‘we have received your letter acknowledging the 
receipt of 21,000 jiagodas and representing that so far from that 
sum sufficing for the payment of all your troops, it is inade¬ 
quate even to the payment of the regular infantry.” In 1799,^^ 
a Mysore predatory horseman captured by the British complain¬ 
ed of Tipu’s very sparing distribution of pay. 

There was another kind of irregularity profitable to the 
State. Hyder is said to have generally calculated 40 days as 
equal to a month, thus paying only 9 months in the year. The 
same system seems to have been followed by Tipu. A letter to 


Kirkpatrick, op. cit., No. CXTTT. 

72 Ibid., No. LXX, Letter dated 23-6-1786. 

7 8 Malcolm’s Diary. Bri, 3fm, Add. MSS., Vol. 13604, folios 
31-33. 

6 


F 
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Ttaja Eamacharidar^^ mentions that the Sultan ordered the amil 
of Ynsnfabad to x)ay the ahmedien at 36 days as equal to a month, 
and Kaja Kainachandar asks Tipu if lie has also to follow the 
same i)ractiee. This suggests that the usual month for pur¬ 
poses of pay was more tlian 36 days, perhaps 40 as before, and 
that tlie ahmedin were the favourite troox)s of the Sultan, 
being com])osed of forcibly converted youths, to whom the 
Sultan sliowed spc^cial kindness. Tipu rejected this proposal, 
but would probably have complied if it had been a question 
of lessening the number of months, an ox)eration advantageous 
to the State. Writing in 1798 Maeleod observes^^ that the 
montjj for salaries was nominally said to consist of 40 days. 
It is, therefore, probabh^ that before 1792-93 the troops were 
paid once in 40 days, /.c., only nine months in the year.^® 

In th(‘ latter part of Tipii’s reign, things appear to have 
taken a more irregular turn, deferring to June 1798, Maeleod 
writes,"' “Altliough tlie month is nominally said to consist of 
40 days, there is no actual account kept of regular dates for 
payment of tin* troops, the intervals between issues of i)ay 
being arbitrary according to the Sultan’s pleasure from 40 to 
55 days.’’ This means that the troops were paid between 6i 
and 9 months in the year. It is not known wlien this irregu¬ 
larity crept in. Wilks believes^^* that about 1795 the army 
was receiving only seven months’ pay and began to show' dis¬ 
content. As r('gards discontent it is almost certain that at 
h‘ast b(Tor(‘ L792 the army wuis contented and loyal. For 
Kennel observes^'’ after the war of 1790-92 “It was reserved 
for the Mysoreans to imi our prowess and discipline to the 


Kirkpatrick, oj?. cH., No. (XXU^TX, dated 19th Heptomber, 
1780. Ilajj! K am ad land a f was Tipu^s ollicer in charge of the Bangalore 
division. 

IVlacleod’s Computation {op, cit,). 

W ilks, oj). rit., Vol. IT, p, 262. W^ilks observes that w’hen in 
1792 tlie met hod of levying a portion of indemnity on the army w'as 
considered, it was c.nlcnlated that the army received or ought to have 
j*eceived 10 monthly payments in the year. But it is more probable 
that, as the foregoing discussion indicates, the army w^as paid for 9 
months only. 

77 Op. cit, 

78 Wilks, op, cH„ Vol. II, p. 288. 

7 8 Marches of the British Armies in the Peninsula of India, p. 110, 
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test,” while another contemporary British officer"^® remarks 
in 1794 that ‘‘ the di8(4pline and fidelity of liis (Tipu’s) troops in 
the field, until their last overthiow were testimonies ecpially 
strong of the excellent regulations in liis army.” Tf the regu¬ 
lations for paying only seven months in the year had been 
adopted before 1792, there would have been in all probability 
discontent. Moreover, the finances of Mysore do not seem 
to have been in a bad condition till 1792. There is another 
circumstance which indicates the introduction of the n(?w 
system about 1792-93. Tipu is said to have distributcMl among 
his servants tlie burden of tlie 330 laklis of rupcM^s he had to 
pay in 1792 to the alU(*s, and the Mysore army had its share of 
60 lakhs to pay.^^ Perhaps the only easy way of collecting 
the amount would be by stoppages in tlie pay. About 1793'^^ 
the monthly expenditure on the jiay of the troops appi^ars to 
have been 8 J lakhs of ruxiees, and it would, themdore, take about 
7 months io pay to make up 60 lakhs. The army was being 
ordinarily paid only 9 months. To throw tlu^. whole burden 
of the contribution on one ycnir would reduce* the salary of tlui 
army to two months. Huch a step would obviously be im¬ 
politic and imx)racti(jable. Wilks''*‘ is, therefore, p(Tlia]>s correct 
in believing that the issues of pay were reduced to seven in 
the year until the contribution should have been realized. Tliis 
would distribute the burden over about three and half years. 

This arrang(*m(‘nt x^robably continued at least till about 
the beginning of 1796. Tt is, however, doubtful if it was not 
X)ursued for some timi^ longer. , From Wilks"'^ it ax)pears that 
in 1796'"'^ the army continued to receive only seven months 
Xiay in Uk* year and began to evince (‘onsiderabhi discontent 
and that the ^^^iiltaii tliereforc introduced the systcan of grant¬ 
ing jaghirs, reckoning the x>ay at ten months, lie adds"^'’ “the 

Lieut. K. Moore’s Narrative of the Operations of Capt. Little's 
Detachment, p. 208. 

Wilks, op, cit.y Vol. IT, pp. 262-63. Tipu agreed to contribute 
110 lakhs, tlie army 60 laldis and the peoi)le 160 iakhs. 

Supra page 42. 

Op, ciL, Vol. II, p. 262 ; also p. 288. 

8^ Op, cH„ Vol. IT, p. 288. 

8 5 Wilks does not definitely mention the date but the context 
indicates this year. 

8« Op. cit,, Vol. II, p. 289, 
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Silladars without exception embraced the arrangement, and 
many of the stable horse and infantry.’* 

However it appears more likely that the granting of jaghirs 
was introduced about the beginning of 1798. Malcolm observes 
in July 1798^^ that the system of assigning lands to the army 
was a great change in tlie Mysore revenue system lately intro¬ 
duced. He adds''^ that in February the Sultan detached “ Banki 
Nabab, Reza Saheb, in one direction, and Meer Saduk in 
another, in order to distribute the lands to the jamedars of 
Sillahdar horse agreeably to the new system of supporting 
them that be had resolved upon.” There is no reason to believe 
that the scheme was extended to the Silladars some time after 
it had been introduced in the other branches of the army ; 
and especially in view of the fact that the Silladars seem to 
have embraced the arrangement more readily than the others? 
it. is likely that the scheme was introduced for the first time in 
the beginning of 1798. 

As already noted, the introduction of the new system said 
to have been accompanied by raising the monthly payments 
to the troops from seven to ten.^'^ It may be asked if the Sultan 
would have thus increased the expenditure, particularly in 
the face of ever worsening finances. But the increase is very 
probable because the retrenchment in the payments had 
been only a temporary expedient, the number of troops in the 
beginning of 1798 had been much reduced, so that even with this 
liberality the cost was probably not expected to be more than 
formerly ; and Tipu had hostilities in view and therefore had 
to keep his army contented and loyal. It is not, therefore, im¬ 
probable that from 1798 the troops received salary for 10 
months in the year. 

On the basis of the foregoing discussion it follows that the 
expenditure on the pay of the army in 1790 was 13.3 lakhs 
of rupees a month, and there were 9 such monthly payments; 
in 1792-93 it was 8| lakhs of rupees paid for 7 months ; and in 
1798, there were 10 monthly instalments of 6 lakhs of rupees 
each. This gives the following figures; — 


Malcolm’s Abstract, (Martin, op, cit,, Vol. I, pp. 665-650.) 

88 Ibid., p. 656. 

89 Wilks, op. cit., Vol. IT, p. 288, 
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Rupees in 
lakhs. 

1790 .. .. 119.7 

1792-93 ;. .. .. 55.25 

1798 .. .. .. .. 60.00 

The latter two figures exclude the expenses on the pioneers 
etc., as their number in those years is not known. In July 
1798, according to Malcolm,®® there were 6,000 pioneers and 
8,000 Karnatic peons i)aid 8 and 5 rupees respectively. If 
the same number existed in 1792-93 and June 1798, there 
would have been additional expenditure of 6.1 and 8.8 laklis, 
bringing the total to :— 

Rupot s in 
lakhs. 

1792-93 .. .. .. .. 61.3 


1798 .. .. .. .. 68.8 

There are two contemporary estimates of Tii)u's military 
expenditure, for the foregoing period. A Memorandum of 
December 1793®^ gives the following figures :— 

Rs. 

30,000. 

Regular Infantry at Es. 120 as averages annual 
pay per head .. .. .. .. 36,00,000 

7,000. 

Regular Cavalry at Es. 300 as avc^rage annual 
pay per head including feeding, purcliasing 

or rearing each horse .. .. .. 21,00,000 

6 , 000 . 

Irregular Cavalry at Es. 260 as average annual 
pay per head including feeding, purchasing 
or rearing each horse .. .. 15,60,000 

2 , 000 . 

Artillery Men attached to the Infantry at 

Es. 130 each ... .. .. .. 2,60,000 

Eepairs of forts, making up stores and pay of arti¬ 
ficers and camp lascars ,. .. . 


Total Es. .. 83,36,000 


Malcolm’s Abstract, (Op, city p. 652.) 

Bri. Mus. Add. MSS.y Vol. 33669, folio 84. 
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In comparing this estimate with mine, it must be remark 
ed tliat the it(mi for re})airs of forts, etc., should bo omitted 
from this estimate, as only the pay of the army has so far been 
considered wliile from tliat arrived at in the foregoing pages 
sliould be ('xeluded th(' cost of the pioneers, etc., and of the 
irregular foot, both of which find no place in tlie estimate of 
the Memorandum. Moreover, the latter estimate appears to 
have calculated the pay for 10 months instead of seven. For 
whil(‘. it giv(‘S the pay of the irregular horsimien at J- of a rupee 
})er day or 20 rupi^es for a month,’^- in giving the total expenses 
of tli(‘ irregular horse, it estimates each trooper’s salary at 
200 rupe(^s.®*^ This sugg(\sts that the author of the Memorandum 
was not probably aware of tln^ seven montlis’ arrangement. 
Now to compare the two estimates— 


Eegular Infantry 
Artillery .. 
li(*gular Cavalry 
Irregular Cavalry 


Esiimate in t he 
Memorandum. 

For 10 For 7 
months. months. 


Estimate 
arrived 
at in the 
foregoing 
pages. 


Hs. Tis. Es. 


30,00,000 

2 , 00,000 

21,00,000 

15,00,000 


25,20,000 

1,82,000 

14,70,000 

10,92,000 


I 31,83,000 

7,35,000 

10,92,000 


Total .. 75,20,000 52,61,000 50,10,000 


The great ditfcrence in th(‘. expense of the r(*gular cavalry 
is explained by tin*, fact that the Memorandum calculates the 
cost of feeding, purchasing, etc., of the horses, which has been 
omitted in th(‘. other estimate. If half of the 30 rupees assum¬ 
ed by the Memorandum as the expense of each horse and its 
rider is taken as the cost of feeding, etc., the horse, then there 
will be found a remarkable identity in the figures for the 
regular as of the irregular cavalry in the two estimates. 
As regards the expenditure in 1798 Macleod writes^'^ “ Ilis 
marching army including officers, may be reckoned to cost 
20,00,000 (star) pagodas.’’ The value of the star pagoda 


Idem,, f. 80. 

03 Idem,, f. 84. 

Maclcod’s Computation, (Forrest, op, cit», appendix C.) 
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at this time is uncertain. “ It frequently happens,” writes 
General Wellesley in 1803,“ that, in the bazaar, the star 
pagoda exchanges for 4 rupees, and at other times for not more 
than 3.” The Memorandum of December 1793”'’ (ak(‘S the 
pagoda as equal to 3i rupees which was also the value at which 
the coin was issued to the (\)mpany’s troops in 1803.”" At. the 
latter rate the expenditure on the marching army according 
to Macleod was 70 lakhs of rupees. This appears to inelinh^ 
all branches of the army. With this may lu^ compared the 
estimate of 68.8 lakhs. 

The comparisons show that tln^ figunss arrived at. in the 
preceding pages probably approximates to the actual (‘xpendi- 
ture. The trend of the movement in exp(uiditur(' is interest¬ 
ing. Between 1790 and 1793 the monthly (‘xpense's f(‘ll from 
about 13.3 lakhs to nearly 8i lakhs, altliougli the number of 
the troops was reduced by nearly half. 

The discrepancy may perhaps be ex]>laiaed by two fa(*tors. 
First, the greater part of the reductions were in the lower-paid 
branches of the army. Secondly, there Avas probably an increase 
in the rates of pay. In 1798 the reduction in the strength of 
the army was closely followed by a decrease in tin* (expenditure. 
After 1798 it is likely that the number as well as the (*x])ens(ss 
of the army began to move up. 

Before other items of military expenditun* are considered 
mention must be made of a common practice of ill-adininis- 
tcred governments which Tipu appears to have* adopted late in 
his reign, viz., the granting of jaghir.s in lieu of pay. .laghirs 
were usually given when a government., because of its Aveak and 
loose administration, could not pay n'gular mom^y salaries. 
This appears to have b(^en the condition of Mysore sp(H*.ially 
near the end of Tipu's rule, and as already observ(*d, the systcun 
was introduced about the beginning of 1798. In the month 
of February of that year, Bank! ^'^awab, Reza Haheb and Mir 
Saduck are reported to have assigned lands to the ^illadars.^^^ 


96 Wellesley to Stevenson, 4.th October, 1803. (Giirwood’s 
Dispatches of the Duke of Wellirufton, Vol. 11, p. 375.) 

•» Bri. Mus. Add. MSS., Vol. 13050, folio 84. 

Wellesley to Kirkpatrick, 14th October, 1803. (Gurwood, 
Vol. IT, p. 419.) 

Macleod’s Computation {op. cit.). Supra p. 40. 
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The grant of a jaghir involved the transfer of a certain 
I)ortion of the public revenue to the grantee.®® The collection 
of revenue appears to have been very loosely carried 
out so that muther was the collection made in 
full nor was the revenue scrupulously remitted to 
the treasury bc'cause of the corruption of the olRcers. 
Moreover, it is an established fact that a State gene¬ 
rally takes much less from the cultivator than a private land¬ 
lord would. Therefore while assigning lands Tipu is said to 
liavti estimated their value at 25 per cent more than what they 
yielded to the State. In 1794-95 Tipu had increased his general 
land revenue demand by 37 J per (tent. It sctems clear that new 
jaghirdars must have been faced with the problem of realizing 
a greatly increased revenue demand. Wilks disapprovingly 
observes,^®'’ that “ the (calculation was mad(c not on the old 
rates, but on thoscc r(‘cently established, and ih(^ actual excess 
above tlie ordinary value at whicdi the jaghirs were estimated 
to the troops was exactly 71J per cent.’' 

This remark is liable to be misunderstood. Tipu appears 
to have been justified in calculating the revenue of lands in 
this way. For the excess valuation could not in fact be more 
than 25 per cent at least so far as the grantee and grantor were 
concern(?d. For before lands were assigned the assessment 
on all lands Avas augmented by 371 per cent. That is, the State 
was entitled to the increase and the revenue from the lands 
was, therefore, 371 per cent more; and any grantee would 
become entitled to this increase. It was therefore reasonable 
that the increased value of the land was taken as the basis 
of calculation. 

But the State did not ta'ke into account another consider¬ 
ation. As the estimate seems to have been made, according to 
Wilks, on the gross value of the lands, the collection charges 
were saved to the State by assigning the lands and as the 
grantee was also to incur the same charges, there ought to 
have been some reduction in the basis of valuation. 

However, “ such allotments could be made only to corps, 
troops or companies and not to individuals, but the acceptance 

The following account is mainly based on Wilks, op, cit, Vol. 
II, pp. 288-289. 

100 /5id. 
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was prudently permitted to be optional.”^®^ The silladars 
appear to have taken advantage of the scheme. ‘‘ Jaghirs of 
generally half their allowances,” writes Macleod,^®'^ '' have been 
given to the sillahdars in situations within 60 miles of Seringa- 
patam ; they remain dispersed among their villages by which 
means they are enabled to take the greatest care of their cattle 
and to superintend their farms.” That the other branches 
of the army did not take much advantage of the arrangement 
is i)robable. For a few days after the fall of Soringapatam 
in 1799 Macleod’®^ remarks that the jaghirs amounted to about 
Rve lakhs of kaniiroy pagodas or fifteen lakhs of rupees. The 
silladars arc reported to have been given jaghirs to the extent 
of half their pay, i.c., equal to five months’ salary in the year. 
This means that of the lands worth 15 lakhs of rupees 9 lakhs 
were taken up by the silladars, while the rest of the army shared 
the remaining 6 lakhs. This indicates that the scheme was 
not much favoured by the army excluding the silladars. 

In addition to the saving in the expenses of collecting 
revenue, and to the 25 ])er cent premium at which the jaghirs 
were granted there was another important advantage gained 
by the State from this scheme. The embezzlements in the 
revenues of the lands to the amount of th(‘ assignments were 
henceforth saved to the State. According to Macleod^*^^ the 
embezzlements were about 36 per cent of the revenue and by 
assigning lands to the value of 15 lakhs of rupees, the State 
gained more than 5 lakhs of rupees. 

There arc some other items of expenditure to be consider^ 
ed under the head of defence. One of them was the provision 
for wounded and disabled soldiers and their families. One of 
Tipu’s letters of the 9th August 1785^^^ refers to the proper and 
careful treatment of wounded soldiers.Another letter dated 
17th September 1785, mentions regulations respecting the 


101 Ibid. 

102 Maclood^s Computation {op. cit.). 

^02 Letter to General Harris, dated 22nd May, 1709. 

10* Ibid. 

io» Kirkpatrick, op. cU., p. 132, No. Cl. 

100 Tipu to MirZynul Rabidin. Idem., p. 150, No. CXVII. Also 
Tipu’s letters to Mirza Khan, 16th September, 1786 and to Pazl Ali 
Khan, 6th May, 1785. Ibid., Nos. CXIX and CCLXIX. 
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wounded and sayR that Rs. 1,000 were sent as compensation 
to the wounded in a regiment sent against Coorg. 

“ The Zuckum Puttee or compensation to the wounded,” 
observes Kirkpatrick,^“ is a custom pretty general in the 
native armies of India.” Tipu’s proclamation of 1798 to his 
people runs^®** To th(‘ widow' and children of every man who 
shall fall in the battle, a maintenance equal to a fourth of the 
share so accruing (to''the soldier), and of the pay of the deceased 
martyr. 

Tlie widows and children of men who merely die on ser¬ 
vice, one-quarter of a gold fanara daily (about two and a half 
rupees a month).” 

Although perhaps these promises were not performed 
as the Sultan died the very next year, yet the foregoing details 
indicate that x)rovision for the wound(Ml soldier and his family 
was a probable item of expenditure from the beginning of the 
Sultan’ reign. 

Another item involving greater expense was the provision 
of munitions, transport, and commissariat. An account of about 
17 X)()too g[yQ^ the following ligures ;— 


Elephants 

.. .700 

Camels 

0,000 

Horses 

.. 11,000 

Bullocks and cows 

.. 4,00,000 

Buffaloes 

.. 1,00,000 

Sheep 

.. 6,00,000 

Firelocks 

.. 3,00,000 

Matchlocks 

.. 3,00,000 

Swords 

.. 2,00,000 

Cannon 

2,000 


These figures may be exaggerated, but they indicate the 
extent, of the establishment. As regards bullocks and other 
means of transport, the Mysore army from the time of Hyder 
had been famous for the efficiency, excellence and number of its 
draught cattle.In this respect the Company’s army was 


Idem,., p. 150. 

108 Wilks, op. cit,, Vol. II, p. 293. 

109 Jlome MisceUancoua^ Vol. 251, p. 29P. 

Compare .Tosiah Webbe’s Memorandum for General Harris 
dated 0th July, 1798. (Martin, op. cH., Vol. I, pp. 76-77.) 
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markedly inferior. In the war of 1790-92, it ('inployed 

fewer troops than Tipu did, and employed no less than 
32,000 bullocks, its transport service w(u*e so bad that Lord 
Cornwallis had actually to blow up his o'lms and 
ammunition when h('. redTenited from Scriiii^apatam in 1791. 
Writing in July 179S, Malcolm observes^'^ that Tipu has “as 
many elephants, camels and drau.i>iit a-rnl carriaj^t‘ cattle as ho 
even can require.” 

As for the stores and provisions they a])p('ar to have been 
equally hu^^e. After the peac(‘. of 1781 the Sultan is said to 
have stored Serini^apatam with provisions for 100,000 for 12 
mont hs and likewise other forts accordini>: to tluur importance*. 

In 1791 “ lar^e rnas^azines of military stores which hafl been 
amassed in those places (Dharwar, etc.) at a vast, (expense*, fell 
into the hands of tin* captors.””^ Likewise v/hen Bangalore 
fell in the same year “ the quantity of stores of all sorts (was) 
prodif^ioiis, shot inriiim(*rabh*, and powder about 2(),()00 
barrels.In 1799 on the fall of Serini^apatam wen* found “in 
all 929 pieces of ordnamaj. .. .There wcto 124,000 shot, 520,000 
pounds of |?unpowd(u*, and 99,000 muskets and carbines, (*tc.... 
within the fort there were*, el(*ven lari?(*. powder ma^^azines ; 
armouries for making and finishing small arms, 2 foundries 
for cannon;....! large arsenals; and 17 other storehouses 
containing other aiCcoutrements, swords and other art.ich'S ; 
besides many granaries abundantly stored with provisions 
of every Idnd.”^^"’ These extracts sufficiently indicate the 
vast stores accumulat(*d by the 8ultan since his accession in 
almost every fort. The (expenses on them can be comprehend¬ 
ed when it is remembered that when tiu*. Company had fewest 


Ibid., p. 052. 

Charles Stuart’s Caialogve of the Library of Tipu SiiUayi^ 
Introduction p. 52. Also Asiatic Annual Register, 1799. Characters, 

p. 3. 

^13 Governor-Gcneral to the Court, 7th September, 1791. (Home 
Miscellaneous, Vol. 251, p. 49.) 

L^'tter supposed to bo received from Mr. Fordyce, dated 21st 
April, 1791. Idem., p. 470. 

Also see J. H.’s letter to Kev. M. 8. Hargrove dated camp near 
Nellore, 12th August, 1791. {Idem., p. 527.) 

1^5 Bcatson, op. cit., p. 139. Also General Harris to the Governor- 
General, 22nd May, 1799. 
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forts to garrison in the Madras Presidency and that too prob¬ 
ably not on so large a scale as Tipu, it is said to have cost the 
Company about 3 lakhs of pagodas x)er annum ; “it is also to 
be observed that during the late war (i.e,, of 1784) little cash 
was expended on making up stores. During the present war 
(i.e., of 1790-92) nearly four lacs of have been expend¬ 

ed on the making up of stores (this was in July 1791). If the 
war was therefore to cease our arsenals would require very 
little recruiting. I affirm as a fact that exclusive of 
powder 25,000 pagodas annually will keep up the supply of 
stores made in this country.This passage is very sugges¬ 
tive. The Company had less army than Tipu and was only 
one of three powers waging war against Mysore. Moreover 
it was not prei)aring for war with as much zeal as Tipu. Being 
the victoria 1792, a vast sum of stores fell into its hands as well 
as those of its allies, and that vast quantity the Sultan lost and 
had to make up. Botli before 1790^^^ and after^"* Tipu is said 
to have made vast pr(q)arations for war. Considering all these, 
it appears reasonable to assume that Tipu spent at least at the 
rate of one or two lakhs of pagodas on making stores. 

There is anotlier item^ of expenditure< So far no provi¬ 
sion has been made for the. expenses of replacing or paying for 
the horses killed in war. The State had to replace the stable 
horses killed, and pay comj)ensation for the silladar horses. 
In fact, it appears to have been a condition of service that “if 
a horse belonging to the irregular cavalry is killed on service, 
the circular (is) to pay a stated x>rice” and the price is said 
to have been 250 rupees per horse. In 1791 vast numbers of 
Mysore horses and cattle died for want of forage when the 
allies over-ran the country,^-® and because of the great inclemency 


Letter from Madras dated 15th July, 1791. (Home Miscel- 
laneova, Vol. 251, p. 19.) 

Sir A. Campbell to Lord Cornwallis, 6th October, 1787. (Idem,^ 
Vol. 248, p. 326.) 

Governor-General to Henry Dundas, dated 7th June, 1799. 
(Martin, op. ciL, Vol. II, p. 40.) 

Malcolm’s Abstract. (Ibid., Vol. I, p. 653). 

120 Private letter from Tellicherry, dated 25th July, 1791, (Home 
Miscellaneousf Vol. 251, p. 504.) 
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of the weather.^^^ These expenses, coupled with the expendi¬ 
ture on the purchase of horses when the number of the cavalry 
was increased, must be taken into consideration. 

There is one more branch of defence which requires con¬ 
sideration, the fleet. One of the Sultan’s letters of 1786^^^ 
is addressed to the superintendent of the fleet, and orders are 
issued to get the vessels coppered. Commenting on this 
letter, Kirkpatrick observes^“I am ignorant of the amount as 
well as of the natur(3 of tlie Sultan’s naval fore(^ at this period. 
If we are to judge by the designation (armada) which he has 
thought proper to apply to it, we might be led to conclude 
that it was of considerable strength. But no inference can be 
safely drawn from so slight a circumstance while, on the other 
hand, there is more than one reason for believing that this 
marine must have been very insignificant at the time referred 
to. In the first jilacc, it is pretty certain that Hyder Ali 
bestowed little or no attention on this object; and it is equally 
clear that his successor had not hitherto had either time or means 
to do much in pursuit of it. Besides nothing was either known 
or lieard of his armada during the war which ended in the parti¬ 
tion treaty of 1792 ; and though after that event, he applied 
himself seriously to the formation of a respectable navy, he had 
happily not been enabled to effectuate his purpose, before his 
restless and impatient spirit idunged him into another pre¬ 
mature war; in the short course of which as little was heard 
of his navy as during that which preceded it.” 

These observations are perhaps to a great extent true. 
Before 1792 the fleet is said to have been considered mainly 
as a protection against pirates.’But it is probable that even 
before 1792 Tipu had commenced to build men of war. Dirom^-® 


121 Extract from letter dr4ted camp between Bosiir and Rayacotta, 
loth August, 1791. (Idem,, p, 27.) 

122 Letter to Mir Gbulam Hussain, dated 24tli September, 1780. 
(Kirkpatrick, op. cit., p. 414, No. CCCIjXXT.) 

123 Ibid,, p. 415. 

124 wqiksj op, cit,, Vol. IT, p. 207. 

Lord Valcntia observes that “Tipu built ships of 500 tons and 
chiefly for the purpose of collecting his revenue from tlie numerous 
tributary Rajahs who lived along the coast.” (Travels in India, 
Vol. I, p. 454.) 

123 ComvoalW Campaign, p. 107, 
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remarks that in October 1791 in the Fortified Island ” f.e., 
Honver was found complete material for shipbuilding, and a 
ship of sixty guns was almost complete when it was scuttled 
and sunk at the beginning of war/-^' 

After the defeat of 1792 the Mysore sovereign turned 
his thoughts seriously i-o building up a navy. The marine 
department appears to have been ifiaced in charge of the board 
of commerce till L79().^-^ Perhaps in September of that yeaF^» 
was established a new admiralty department, and a new code 
of regulations was issued.^ 

The chief officers of tlu^ admiralty were called mir yumms 
and were ordinarily resident of the capital, although some of 
them were stationed at the principal ports of dock-yards. Next 
to them in rank were mir bhurs or admirals serving afloat, two 
of them being assigned to a squadron of four men of war. 
Forty sliix)s were imniediatidy ordered to be (*-onstruct(ul so 
much so that the Sultan says in his ordinance thc^y were thereby 
consigned to the care of the mir yiimms. 

The ships w'en^ divided into three 'kaelicrU or departments, 
namely, those of Jumulabad, Wajidabad and Majidabad. The 
three departments w(‘re io consist of 12, 11 and 11 ships re¬ 
spectively. Twenty of these ships were to be line of battle and 
twenty large frigatcvs. 

Tlie sliips were divided into 10 squadrons or fouz of four 
ships each, and each squadron had two admirals {mir bhurs) 
who were paid 150 rupees a month including allowance. Ten 
more admirals were witli the J^ultan to receive instructions, 
and were paid according to their status. So did the pay of 
their sui)eriors, tlie mir yumms^ dilTer according to their rank. 

Every ship of the line had .110 men of all denominations. 
There were four sirdars or officers, corresponding to the captain 


120 q'his disproves the belief that all tlie slups of Hydcr and his 
son were )>iiill. in Mangalore. {Manual of the Madras Presidency, 
VoL 111, p. 107.) 

^27 Kirkpatrick, op. rit., appendix p. LXXVIIl. 

^28 Maclood believes that the Marine Department was formed 
in May 1797. (Forrest, op. cit,, y, 723.) 

129 The following account is mainly based on Tipu’s marine re¬ 
gulations as given in Kirkpatrick, op. cit., appendix pp. LXXVII- 
XCII. 
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and the three lieutenants in a modern man of war. Of the crew 
the combatants consisting of musketeers and gunners, were 
placed under two different tipdars, Thc^ tip of musketeers was 
divided into four yuz, while the gunners wctc divided into two 
yuz of 39 men each. There were also 2 gangs of jowks of 61 
seamen, besides 10 carpenters and smiths and 7 oflie,ers of staff. 

Each of the 20 frigates comprised 180 men, which included 
a tip of 63 musketeers, a yuz of 28 gunners and a gang of 71 
seamen, and 8 miscellaneous ofli(5ers. 

Besides, twelve small vessels called nugii in the nature 
of transport ships were also to be constructed. 

The rank and file of the navy were paid salaries, while 
the officers received in addition allowancje calculated upon the 
number of men serving under each officer. TJiis allowance 
operated as a stimulus to the officers to keep their corx)S as 
complete as possible. When afloat both men and officers 
were given rations also. 

The expenses in the nature of pay and allowances were :— 

Es. 

For each battleship .. .. 4,415 

For each frigate .. .. 2,425 

The total expenses on this score for 20 battleships and twenty 
frigates amounted montldy to Hs. 1,36,800 and annually to 
Es. 16,40,000. 

In addition there was expenditure on dock-yards in 
Jumulabad, Wajidabad and Majidaba<i, and this involved 
Es. 44,280 per annum, bringing the total expenses to very 
16 J lakhs of rupees. 

But how far these i)roposals were carried out is uncertain. 
In his letter to Tipu, dated 4th March 1798,^'^^ Admiral Sercey, 
the commander of the French IS aval forces in the Indian seas^ 
refers to the disjjatch of naval officers to helx) the Sultan in 
building his fleet. Likewise General Malartiqui mentions in 
a letter to the Sultan, dated 7th March 1798,^^- the pay of the 


130 ^ great obstacle to the development of a navy was the want 
of a good harbour. Mangalore, the chief Mysore port, was too 
shallow. (Vide Manual of Madras Presidency^ Vol. II, p. 147. 
Also Valentia*8 Travels, Vol. I, p. 456.) 

^31 Official Documents relating to the Negotiations, carried on by 
Tipu Sultan with the French Nation, etc., p. 103, Ibid., p. 110, 
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naval and military officers he sent to Mysore. Of June 1798 
Macleod remarks that “ The Sultan is supposed not to possess 
above 8 or 10 vessels, which are chiefly employed in transport¬ 
ing pilgrims to and from Mecca.” 

It is therefore likely that a considerable sum of money 
was being expended on this branch of defence. 

Although it is not possible to conjecture the expenditure 
on all the foregoing items, yet they must bo taken into account 
while considering the military expenditure of Mysore. 


$^34.--’Printed at The Bangalore Press, Mysore Road, Bangalore City 
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INTRODUCTION. 

The object of this paper is to examine the histological 
details and the disposition of the foetal envelopes during cei tain 
stages of development of the locally occurring smaller bat 
Vesperugo (Microcheiroptera). The study is restricted to a 
few stages since it was not possible to secure a regular se^*ics in 
development. From a time little prior to the aj^pearance of 
the amnion as a cavity within the epiblastic mass, right up to 
the stagii where a well-formed placenta, which is no more aug¬ 
mented by furtlier addition, will form the subject-matter of 
this paper. 

This work was undertaken at the suggestion of Dr, A. 
Subba Rau, II.A., D.Sc., and Professor 0. K. Jviarayan Eao, 
M.A. I take this opx>ortunity of acknowledging my thanks to 
the numerous acts of kindness which I have received from 
time to time from both. Bulk of my slides have been examin¬ 
ed by them and throughout my investigations I have received 
constant help and guidance. In regard to literature I have 
been greatly holx)cd by Dr. 8. G. M. Kamanujam, M.A., Ph.D. 
and also the authorities of the Indian Museum, Calcutta, and to 
both my warmest thanks are due. 

HISTORICAL. 

The subject of placentation in bats has been engaging 
the attention of workers from early times. ‘As early as 1818, 
Emert and Burgaetzy (1818) described the gravid uterus, the 
placenta and ovary of Fledermause. Ercolani (1879) working 
on the bats, attributed the origin of the allantoic villosities 
to the firtus and considered the mass of fatal placenta as 
having a maternal origin, lie did not describe the vascularisa- 
tion of the placenta. Promnielf and van Beneden (18886) 
independently xjublished their observations. They attribut¬ 
ed a maternal origin to the trophoblast and it was only later 
when M. Duval (1897) published his account, that van Beneden 
changed and corrected his views. 

While these early investigators worked so exhaustively 
on the smaller bats, Gohre (1892) published an article entitled 
“ Dottersac und placenta von Pteropus edulis and this seems 
to be the only work on this frugivorous bat. He described the 
placenta as composed of two parts: the foetal consisting of 
chorionic villi which are at the beginning thick with slightly 
hollowed out core and the maternal part a network of vessels 
into which the chorionic villi penetrate. This network could be 
divided into three parts : a sub-chorial part, a central part 
and lastly the deeper zone. The endothelium of these vessels 


t Frommel, Wieshaderij 1888. 
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is intact and only disappears in the capillaries. Further accord¬ 
ing to Gohre (1892), between the delimited maternal and foetal 
tissues there is a continuous layer—probably corresponding to 
the plasmodiblast of van Beneden (a feature also noticed in 
Myotus murinus by Prommel). Gohre also describes the 
disappearance of the uterine epithelium and the paucity or the 
absence of glands in the region where the future placenta is to 
be formed, lie also notices the complete disappearance of 
the cavity of the umbilical vesicle. These points are impor¬ 
tant in comparing the bigger bats with the smaller ones and 
are dealt with in the approi)riatc place in this paper. 

The latest works arc those of Sansom (1932) on the early 
stages of the American bat Molossns and Kemperman (1929) on 
the placenta of and Da Costa (1920) on Miniop- 

terns. In this connection the work of P. Nolf (1896) on the 
placentation of Vespertilio murinus may be mentioned and the 
nomenclature followed in tliis paper is according to Xolf. 

MATERIAL AND METHOD. 

The locally occurring small bats wen^ collected from time 
to time and the uteri in various stages of gestation were fixed 
in Bonin’s picroformol, acetic alcohol, acetic alcohol-sub¬ 
limate, neutral absolute alcohol and Flemmings weak fluid. 
All of them have given very good results. Injections with 
warm gelatine mass into the arterial system did not prove very 
successful. Longitudinal, transverse and tangential sections 
with reference to the uterus and jdaemta, all 8—10 microns 
in thickness, were (uit; and various stains—liauiiatoxylin 
(Ehrlich), luematoxylin-eosin, Mayers hacrnalurn, picro-indigo- 
carmine and Pasini—were employed. One point of technical 
interest must be mentioned. The uteri containing early stages 
were not slit open to permit the i)enetration of fluids, while 
the advanced ones suffered a slit. They were all graded from 
10 per cent alcohol ; this is essential in order to avoid the entry 
of dissolved air from the aqueous fixatives into the uteri, since 
higher percentage of alcohols do not dissolve in them the air. 
In order to get good sections this procedure is very 
essential. 


BREEDING SEASON. 

The breeding season when prolific fecundity occurs seems 
to be between June and early August. One is sure to find 
pregnant forms during this part of the year. It is also just 
possible that there is another season when these begin to breed, 
for, I have noticed the occurrence of pregnant uteri during the 
early part of January. It looks as though after a very short 
anoestrum following the summer gestation, the pro-oestrous 
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cycle again commences ending in copulation of the females in 
the cold weather. At about this time of the year the tempera¬ 
ture falls rapidly and these animals seem to enter on a period 
of winter hibernation, for they are less scarce and can be pro¬ 
cured only with difficulty. According to Marshall (1922), the 
sperms are received in the fallopian tube during the period of 
hibernation where they are retained for some time in a state 
of suspended animation and when the bats emerge into acti¬ 
vity, fertilisation occurs without further copulation. 

THE NUMBER AND DISPOSITION OF EMBRYOS. 

There are always two young ones born. Marshall (1922) 
mentions in his Physiology of Reproduction ” (page 624») that 
at a time only one is born. This author simply followed the 
previous workers like van Beneden (1888a), M. Duval (1895) 
and Nolf (1896). l^olf (1896) working on Vespertilio murinus 
remarks on page 578 thus : “ Le blastocyste arrive dans 

I’uterus se fixe tojours, commc Pont deja observe Ercolani 
et van Beneden dans le come droite.” Further Duval (1895) 
in his account of the cheiroptera mentions on page 149 : 
^‘Nous dirons d’abord que la gestation ^ tojours, sans excep¬ 
tion, lieu a droite.'’ Tn the light of these facts there seems 
to be a predilection exhibited by the blastocyst to choose 
always the right cornu. However, Vogt* mentions that 
in a few cases of ' noctules’ there were two embryos. In 
all the forms that I have examined I have noticed the occur¬ 
rence of two young ones. Therefore two seems to be the rule 
in Vesperugo, while one is an exception. In order to substan¬ 
tiate this point I have closely examined the sections of the ovary 
and at least six to seven ova are seen to undergo the first matura¬ 
tion division in the ovary. It is just possible that two may be 
fertilised to undergo the further developmental phases. The 
most recent author, Sansom (1932) who describes the early 
stages in the development of the South American bat, Molossus 
does not refer to the occurrence of more than one blastocyst 
in those forms. Possibly the fact of the occurrence of two 
embryos in the uterus (one in the right and one in the left side 
of the uterus) is not only specific to 7. leisleri^ but to the genus 
as a whole, since two embryos are discovered in many other 
species of Vesperugo.f 

Again, as regards the disposition of the blastocyst in the 
uterus there is a great deal of variation. The future site of the 
placenta entirely depends on the polarity of the embryonal cells 


♦ See for Vogt, Duval, 1895, Joum, Anat. et Phy„ Vol. 31, p. 150. 
t See Fauna of British India, Blanford, “ Mammalia’’, 1888-91. 
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of the blastocyst. According to early authors such as van 
Beneden (1888a), Nolf (1896) and Duval (1895) it is obvious that 
the embryonal pole is always orientated towards the antimeso- 
metrium, which is the seat of the future placenta. In all these 
cases, therefore, the placenta is antimesometrial. Peculiarly, 
however, Sansom (1932) describes a few cases of Molossus 
where the embryonal disc is at right angles to the meso- 
metrium. In later stages he points out that it becomes anti¬ 
mesometrial and it may be predicted that in these bats, 
the placenta is ultimately antimesometrial. I have secured 
live very early stages, two of them exactly corresponding to 
two of Sansom’s cases (see Sansoin’s photomicrographs, 
Plates 1 and 2, Figs. 2—7, Proc. Zool. Soc, Lond,, 
Part 1, p. 113, 1932). The stages that I have secured 
may briefly be noted here. The first one is an early 
blastocyst with the embryonic knob closely attached to 
the modified dermis ; in the second there is a depression in 
the embryonal mass ; whilst in the third the embryonal mass 
has developed a future amniotic cavity ; in the fourth the amnio- 
tic cavity opens to the exterior and the last, where the 
embryonal disc is flat and is proliferating mesoderm. In all 
these forms I notice that the embryonic mass of cells is always 
orientated towards the antimesometrium and therefore 1 con¬ 
clude that the x>henomenon described by 8ansom does not 
occur in this form. Having in view this interesting observation, 
we notice that a point of great phyletic significance arises in 
connection with the seat of the placenta of the megacheiroptera. 
Gohre (1892) describes that the placenta in Pteropus is 
mesometrial. Then, naturally a question may be asked 
as to which is older,—the mesometrial or the antimeso¬ 
metrial placenta f This question must remain unanswered, for, 
unless we study all the forms, a definite conclusion cannot be 
arrived at. A tentative opinion may be hazarded. Possibly the 
original site of placental attachment was mesometrial, which (in 
all its primitiveness f) is preserved in the megatiheiroptcra, and 
the more recent is the antimesometrial. This view is not hypo¬ 
thetical but is supported by evidence. The clue to this in¬ 
teresting subject is Sansom’s discovery where, possibly, 
the embryos being originally mesometrially directed are gradu¬ 
ally shifting their orientation and are becoming antimeso¬ 
metrial. It is generally accepted that the side on which the 
embryonic rudiment is present, is also the side on which the 
placenta is formed. In the light of this generalisation, the 
placenta, therefore, in the recent bats is shifted to the 
antimesometrial side. This question of the genealogy of the 
cheiroptera could only be settled provided embryological 
evidences are supported by comparative anatomy and 
palseontology. 
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PREGNANT UTERUS. 

A. (i) Blastocyst (a). By the loni? axis 1*4 mm. By the 
short axis 0-017 mm.—This is the earliest stage in the series 
of blastocysts and is characterised by the following features. 

The embryonic mass of cells is closely adpressed to the 
uterine dermis, and the uterine epithelium has disappeared 
from this region. The trophoblast, having columnar cells 
in the region of the placentary annulus, is continuous with the 
epiblastic mass and has not yet reached the mesometrial pole. 
Thus, in this part of the uterus the uterine epithelium is seen in 
certain regions as a distinct layer of cells while in other t)arts 
it appears as a degenerate mass of colls. As soOn as 
the trophoblast comes in contact with the uterine wall, the 
uterine epithelium is lost, and 1 am unable, at i)resent, to 
describe this process of the disappearance of the uterine 
epithelium since my slides do not show it very clearly. 

The dermis is showing signs of modification ; it is becom¬ 
ing more vascular and the cells are seen in active mitotic 
division. Fig. 1 is drawn to represent the entire blastocyst 
in situ, and Fig. 2 is diawn iimhT higher magnification to 
show the modifications in the d(»rmis noted above. 

A. (ii) Blastocyst (b). By long axis 0.11 mm. By short 
axis 0.07 mm.—(See Fig. 3.)—TTerein is recorded a very 
interesting cas(i of an early stage of pregnar\ey. 

The embryo is a round mass of cells with a small depres¬ 
sion in the middle and the edges of this mass are in continuity 
with a layer which will be presently described. This layer which 
is thin and composed of flattened cells is internal to the 
trophoblast whose purpose I am unable to describe at present. 
The yolksac endoderm layc^r is closely apposed to this thin 
layer internally. The mesoderm is not yet formed. On 
the other hand, the trophoblast has progressed consi¬ 
derably. The plasmodiblast has enveloped a series of vessels 
and further a large number of lacunae are to be seen in the same 
layer. The paraplacentary layer which will be described later 
has already made its appearance here. It is rather difficult to 
correlate this phenomenon of unequal growth, on the one hand 
the early stage of the embryo and the advanced condition of 
the placentation on the other. Possibly this is a ease of 
abnormality. 

A. (iii) Blastocyst (c). By long axis 0.07 mm. By short 
axis 0*16 mm.—(See Figs. 4 and 5.)—The embryo has advanced 
by one step; a cavity has made its appearance in the 
embryonal mass, which is the future amniotic cavity. The cells 
roofing this cavity are smaller than those that form the floor 
of it. The trophoblast is separate from the embryonic disc. 
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It is a matter of common knowledge that the internal 
layers of the uterus undergo certain preliminary changes for the 
reception and the subsequent implantation of the blastocyst. 

The blastocyst under examination has been described 
above. It is implanted centrally on the antirnesometrial side. 
In order to ensure this implantation certain changes take place 
in the dermis, connective tissue and the blood-vessels. 

Before proceeding to narrate th(^ modifications, one very 
important point ought to be mentioned. The uterine epithe¬ 
lium has disappeared. Kow, this disappearance has been 
attributed by previous workers to the following causes. On 
account of the prolific multiplication of the cells of the dermis 
the uterus increases in size and the uterine epithelium does 
not keep pace with this augnnuitation. (Consequently the cells 
become first thin and then flat and pavementous. Soon, these 
cells break away leaving exposed to the trophoblast the already 
modified supc^rficial dermis. It would not be out of place 
here to quote M. Duval's sentences (page I4S, 1895) in regard 
to the fate of the uterine epithelium. “ LV])itheliuni de la 
muquesse uterine est primitivement forme de cellules clylin- 
driques a cils vibratiles. Des que Tocuf arrive dans Tuterus, 
0(4 epithelium perd ses cils vibratiles, d'abord dans la region 
superi(MiTe, puis dans la rc^gion inb^rieure ; puis, presque aussitot 
les cellules ei)itheliales de la r('gion superieure s’atrophient en 
line couche mince, homogene, semee de noyaux ; enlin, losque 
Toeuf contracte ses premiers adlu^nmces, c/est son cette region 
superieur(‘, dont repithelium n’est plus represente que par 
quelque rares noyaux plats semes dans un liscre extreinemont 
mince.” 

This epithelial degeneration described above leads im¬ 
mediately to the attachment of the trophoblast with the 
uterine dermis. 

The embryonic rudiment is turned towards the antimeso- 
metrial border as already pointed out and therefore the uterus 
could be studied in two parts ; the embryonal oi antimeso- 
metrial side and the nonembryonal or mesometrial side. This 
character seems to be manifest in all the microcheiroptera. 
The amniotic cavity is roofed only by a thin layer of epiblastic 
cells. Further, the trophoblast has dilTerentiated itself into a 
proximal cytoblast and distal plasmodiblast. The former 
exhibits cubical cells in which active mitosis could be observed. 
The plasmodiblast, 'which is adjacent to the modified dermis, 
has not yet engulfed the maternal capillaries. Into this 
plasmodiblast the cellular prolongations or buds of the cytoblast 
could also be seen entering. 

The trophoblast in the nonplacentary region is thin and 
flat and is lined internally by a similar yolksac endoderm layer. 
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The next part to be considered during this period of gesta¬ 
tion is the dermis. In the superficial dermis active multiplica¬ 
tion of cells is seen ; the blood-vessels have invaded this layer 
profusely. In certain places the uterine capillaries are in direct 
contact with the trophoblast and moreover on either side of 
such capillaries the tongue-like projections of the plasmodial 
part of the trophoblast are also observable. This layer (the 
superficial dermis) plays an important part in the placental 
physiology and is called by Nolf (1896) the ' paraplacentary 
layer’, and is comparable with the decidual layer of the Eodent 
placentation. 

I shall now proceed to consider the blood vessels. Jt has 
already been remarked that the arterial capillaries have distribut¬ 
ed themselves near the plasmodiblast. Before their location 
in such close proximity with the trophoblast they, along with 
the venous vessels, divide into a rich network of capillaries. 
This division is more obvious in the deeper dermis since the 
surrounding tissue is very little. 

The deeper dermis (comparable with the subdecidual layer 
of rodent placenta) which must next engage our atten¬ 
tion comprehends a large set of veins, the cells of which are in 
a state of division. Some parts of the vein arc extremely thick 
due to the greater number of cells forming the wall. Some of 
the cells seem to undergo a process of necrosis and the nuclei 
in various shapes—some U-shaped and others definitely seg¬ 
mented—are seen to be thrown into the cavity of the vein. The 
cellular hypertrophy can be very well studied at this stage. 
Further the cells of the dermis itself are modified. They are 
flattened with sparsely distributed spindle-shaped nuclei and 
also assume a fibrous aspect. 

The glandular cretes as described by Xolf (1896) for Ves- 
pertilio arc not to be seen in Vesperugo. The disposition of 
the glands is entirely different. The long axis of the gland 
is parallel with the long axis of the embryo, wliile it 
is the opposite in Vespertilio. The glandular cells are cubical 
and the cavities of the gland contain a secretion (?) which is 
stained red with eosin. 

A. (iv) Blastocyst {d). By long axis 0.28 mm. By short axis 
0 .f 2 mm.—(Bee Figs. 6 and 7.)—As in the previous stage (blasto¬ 
cyst c) the embryonic rudiment is towards the antimesomotrial 
side and has undergone one definite change. The amniotic 
cavity which in the previous stage was a closed vesicle 
is now open towards the trophoblast by the rupture of the 
covering epiblast cells. The trophoblast which can be distin¬ 
guished under high power as an external plasmodiblast and 
an internal cytoblast in the region of the placentary annulus 
is represented only as the plasmodiblast over the vault of the 
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embryo. In other words the amniotic cavity (the ecto- 
trophoblastic cavity) in this region is directly in contact with 
the plasniodiblast. 

The trophoblast in the nonplacentary zone is as in the 
previous stage. 

A word or tw’o must be said about the amnion formation 
in these forms. The formation of the amnion is interpreted 
in a variety of ways and it looks as though it seems to vary with 
reference to the animal examined. The early workers like van 
Benedenand Julin (1895), Nolf (1896) and Duval (1895) examin¬ 
ed Rhinolophiis ferrum equinum and Vespertilio murinus. 
Duval (1895) describes the formation of amnion in 
Vespertilio as follows: “ After the roof of the amniotic 

cavity has been separated off in small fragments from the solid 
floor the true amnion is eventually formed by the fusion of the 
free edges of the true epiblastic mass. ’’ Following the 
observations of Duval, Assheton (1899) narrates how the 
trophoblastic layer over the embryonic cell mass is lost and the 
amnion formation is brought about by the subsequent fusion 
of the epiblastic folds and not by the trophoblast. Da Costa 
(1920) working on Miniopterus schreibersii comes to a similar 
conclusion in pointing out that the amnion arises as a closed 
cavity which later disappears and is replaced by a tropho-ecto- 
blastie space and subsequently, the amnion is formed by folds. 
Hill and Tribe (1924) in a paper embodying an account of 
the early development of the cat (Fells domestica) review the 
literature on the subject of amnion formation in mammals in 
general. They point out that the description given for Vesperugo 
noctula by O. van der Stricht (1899, 1911) is an exception; 
“Since,” they say “here the ecto-trophoblastic cavity only 
appears after the embryonal ectoderm has spread out below" the 
covering trophoblast in the form of an epithelial layer, but in 
an earlier stage, when the embryonal ectoderm is in process of 
differentiation, van der Stricht states that there are present, 
between the latter and the already attached placental 
trophoblast, ‘ souvent des fentes, des espaces irr^gulicrs, en 
quelque sorte virtuels, autoiir desquels sont s6ri4es les cellules 
^pith^liales de I’epiblaste embryonnaire* (1911, page 7). These 
spaces disappear as the embryonal ectoderm spreads out in close 
contact with the placental trophoblast, but there can be little 
doubt they represent the cetotrophoblastic cavity which here 
becomes temporarily obliteirated owing to some exceptional 
condition of pressure inside the blastocyst of this particular 
species.” In the two early stages that I have described the 
primitive amniotic cavity is fully established and it is not 
possible to say if chinklike spaces in the embryonic ectoderm 
united together to form the said cavity. But following Levi 
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(1922) the origin of the primitive amniotic cavity dep.mds 
upon the form and disposition of the inner cell-mass at diff('r- 
cnt intervals of growth. Judging by the precise nature of the 
contour of the cavity it may be said that a re-arrang(‘ment 
of cells in the embryonic mass gave rise to the spacious amniotic 
cavity. In sections passing through the middle of the embryonic 
ectoderm the cavity reb^rred to is open towards the covering 
trophoblast (which is in the form of a plasmodiblast). This 
ecto-trophoblastic space is noticed to disappear in the case of 
V, noctnla. In V. leisleri^ on the other hand, it persists and 
is incorporated with the amniotic cavity finally when the 
embryonic ectoderm forms the amnion by folds. 

The cells of the dermis arc in active division, and are more 
intensely stainable than in the previous stage. 

The yolksac endoderm is closely applied to the cytoblast. 

The glands at the mesometrial pole show increased 
activity, than in the previous stage. 

A. (v) Blastocyst (e). By the long axis 0.62 mm. By the 
short axis 0.07 mm.—(tSee Figs. 8 and 9.)—The gap between the 
last and this stage is very wide. The embryonic rudiment is in 
the form of a thin plate with a primitive streak in the middle. On 
either side of the streak the formation of mesoderm is obvious. 
This mesoderm is showing signs of spreading over the yolksac. 
The future amniotic cavity is large, and this stage coiresponds 
wi h or is slightly older than the one recorded by Sansom 
(1932) in Figs. 7 and 8, PI. 11. The bend of the shield ectoderm 
towards the idaccntal troijhoblast in my slides is clear to form 
tlie amnion. Th(^ layer of covering trophoblast over the primi¬ 
tive amniotic ciiAdty is extremely thin and in this and in all 
other cases ‘ the true amniotic cavity is later established by 
the extension of the ecloderm from the margins of the embiyo- 
nal plate, beneath the covering trophoblast, followed by the 
extension of the mesoderm and the extra-embryonal cmlom in 
between tiie latter and the ectoderm.’ In the next stages that 
I have described (B and C) tlie amnion is fully formed. 

The cytoblast is very clear and the plasmodiblast has not 
yet engulfed the other vessels which are situated close to it. 

The dermis is modified considerably ; the cells are multiply¬ 
ing and the paraplacentary layer has increased in size. 

B. & C. Allantoic rudiment and the rudiment bent towards 
the trophoblast. —These two stages may be considered together. 
In the former (Figs. 10 and 10a) the allantois has just 
made its appearance and in the latter (Fig. 14) it shows a 
definite bend towards the trophoblast. 

The allantois which is only a small endodermal diverti- 
ctilum Surrounded by a large mass of splanchnic mesoderm 
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makes its appearance from the posterior end of the mescnteron 
of the embryo in both stages. Besides, this Mlhinloie, rudiment 
is highly vascular. 

The trophoblast in the region of the placentary annulus 
is seen as an external plasmodiblast and int(^rnal cytoblast 
layers ms in previous stages. Th(^ cytoblast is very prominent 
and tlie columnar cells with equally large highly stainable 
nuclei are noticed in the form of buds entering into the plas¬ 
modiblast layer. In between these two layers Duval (1895) 
interposes a third layer the ‘ transition layer ’. In my prepara¬ 
tions no such intermediate layer can be made out. In the 
m(»sometrial side the trophoblast layer is thin with flattened 
nuclei (see Mg. 11). 

It has already been remarked that in the region of tlu^ 
formation of the placenta, the uterine dermis is so reorganis(^d 
as to constitute a very important layer physiologically different 
from the other parts, called the para])lacentary layer which 
recalls the decidaal layer of the other Ineniochonnl types 
of jdac'ciita, (see Fig. 11a). It is possible to distinguish two 
distinct regions in the paraplacentary layer ; a more compact 
superlieial layer which is in contact with the ])la8modiblast 
and a deeper spongy one. This siiperficual layc^r is thin and 
the cells are oval having similarly shaped or roundish nuclei. 
Many of these nuclei are seen to possess two nucleoli. The deeper 
I)araplacentary layer whose cells are in close (iontac.t with the 
dermis (sub-decidual layer) is seen to ingest constantly nutritive 
material from the latter layer ; in other words a large number of 
cells from the dermis are necrotised and are absorbed into the 
paraplacentary layer. Possibly this necrotised d(‘ci(lua forms an 
important constituent of the embryotrophe being the chief 
source of food supply for the developing embryo in the very 
early stages of gestation. It is therefore unnecessary to restate 
that this paraplacentary layer crammed with degenerate cells 
recalls the deciduofract layer in Erinaceus (Ilubrecht, 1889a) 
and the trophospongcal layer of the Carnivora. 

The true or the deeper paraplacentary layer is in the form 
of a network, the nuclei occupying the corners of this network. 
The entire layer therefore is thin and spongy. In Fig. 12 on 
the two lateral sides of the paraplacentary layer the network 
is crammed with a coagulum. 

Towards the muscularis is the dermis layer or the sub- 
decidual layer, where a large number of blood-vessels are 
present. The uterine arteries and veins on entering the para¬ 
placentary layer ramify. It is extremely difficult to distinguish 
the artery from vein, since the walls of both are hypertrophied. 
The arteries running perpendicularly to the surface of the plas- 
modium are the first to be engulfed by the latter. In fact at 
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this stage a large number of arteries have been surrounded by 
the active plasmodiblast and further many more being in close 
contact with the plasmodium will be enveloped. The veins 
are not yet surrounded by the syncytial layer. These vessels are 
situated at the base of the augmenting plasmodial layer in close 
proximity with the superficial dermis or the paraplacentary layer. 

The dermis is thick and contains a large number 
of blood-vessels. This layer is continuous both in the meso- 
metrial and also in the antimesometrial sides. On the mcso- 
metrial side where there are a large number of glands which are 
transversely situated the trophoblast is in apposition with the 
openings of some of these glands. In my preparations,it is 
noticed that the glands contain a secretion which is stained red 
by ecosin. Except for this no cellular detritus as observed in 
similar preparations in the paraplacentary layc^r could be seen 
in the glandular region. In close contact with this secretion 
is noticed the trophoblast and the yolksac endoderrn, both of 
which show flattened cells in this region. 

The veins and arteries of this region (on the antimeso¬ 
metrial side) show a marked hypertrophy. The cells of the 
walls of the veins are seen to undergo mitotic division. 
Further projecting into the lumen of the vein can be observed 
small blunt processes from the wall of the veins. I am not 
able to trace the exact nature of these blunt processes. Found 
floating in the blood one may notice a largo number of leuco¬ 
cytes with variously shaped nuclei. These leucocytes which 
are found floating both in the arterial and venous capillaries 
are the degenerate products of the cells found in the walls of 
the blood vessels (see Fig. 12a). These should not however be 
mistaken for the normal component of the blood. 

The allantois has made its appearance as a small projec¬ 
tion from the posterior portion of the niesenteron. This pro¬ 
jection is composed of a rich idexus of vessels in the allantoic 
splanchnopleure and a small endodermal diverticulum. This 
precocious appearance of the allantoic rudiment with a small 
endodermal projection into it need not excite surprise, for a 
similar phenomenon has been noticed in many other mammals. 

The yolksac which has been described as occupying the 
entire cavity of the blastocyst in the two previous stages, has 
assumed a functional activity in this stage. It is noticed that 
an active circulation is set up in the splanchnopleure of the 
yolksac by a system of vessels and the sinus terminalis is 
also discernible. In a region wdiere the embryo is absent from 
the sections, the highly vascular yolksac is in close contact 
both mesometrially and antimesometrially with the tropho¬ 
blast. Thus it appears that the embryo at this stage actually 
lies in a hallowed cavity of the yolksac. 
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The great vascularisation of the yolksac in the antimeso- 
metrial pole and its absence in the mesornetrial pole can bo 
easily explained. Long before the allantois establishes connec¬ 
tion with the trophoblast the yolksac endoderm with its rich 
supply of blood-vessels will have formed a type of 
yolksac placenta, aiding the fcetus in its growth. At the meso- 
metrial side (see Fig. 13) the yolksac endoderm being devoid 
of a mesodermal coat comes in direct contact with the glandular 
region. Phagocytosis may not be uncommon when a situation 
like this is present. 

Fig. 13a is a magnified view of the edge of the placenta 
at this stage. The termination of the plasmodiblast layer and 
the continuation of the cytoblast layer on to the mesornetrial 
pole is very clear. This extraplacental trophoblast in the final 
stages of pregnancy bends over the plasmodiblast into the 
dermis and forms the chorian Iseve (see Fig. 23a). 

Stage D. Attachment shoivn by the Allantois ,—(See 
Figs. 14, 15 and 15a.)—Tt was pointed out that in stage C the 
allantoic rudiment shew signs of a definite bend towards the 
trophoblast. In this stage it has grown and attached itself to 
the trophoblast, but it has not yet spread itself. 

No further changes in the trophoblast from the previous 
stage aie observable. 

The yolksac has considerably receded but the sinus termi- 
nalis is in contact with the edge of the placenta. 

The structure of the placenta is shown in Fig. 15a. There 
is not much dift'erence bctw^een this stage and the previous 
one except, however, that the plasmodiblast is excavated into 
a larger number of lacunae ; the lacunae being formed by the 
disappearance and subsequent absorption of the capillaries. 
All these lacunae are Hooded with maternal blood. The 
cytoblast is noticed to send in prominent projections into the 
plasmodiblast. 

The allantois is slowly growing and the part of the tro¬ 
phoblast in immediate vicinity is all covered by the allantoic 
mesoderm and is gradually progressing on the left side (Fig. 16). 

Fig. 16a is a tangential sectional view of a placenta, a 
little more advanced than the stage represented in Fig. 16. The 
plasmodiblast is like a large sheet and in it could be observed 
parts of allantoic mesodermal portions. The cytoblastic lining 
of the lacunsp is very characteristic of this stage. 

Stage E. The Placenta (Pregnant Uterus 5 mm.).—The 
allantois has spread itself on the internal aspect of the pla- 
centary annulus. Villi-like outpowths of the allantois have 
grown into the pocket-like portions of the cytotrophoblast. 
All the same the yolksac mesoderm is in close apposition with 
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the terminal part of the placcntary annulus ; the allantoic 
placenta has not yet replaced the yolksac placenta. A small 
endodermal vesicle in the allantois can be seen. 

The amnion is attached to the allantoic mesoderm in the 
region of the placenta. 

The trophoblast is very thick ; this augmentation in size 
is due to the enveloj)ing of arterial capillaries which are 
towards the embryo and the venous ones which are situated more 
internally (see Fig. 17). The cytoblast is clearly visible, com¬ 
posed of cubical cells and large cytoblastic projections are seen 
entering the plasmodiblast. Between any two projections of the 
cytoblast is seen the allantoic mesoderm with capillaries pro¬ 
jecting. Further, tlie i3lasmodiblast has prominent areas of 
clearly demarcated cells, which are tlie islands of cytoblast. In 
certain regions it is noticed that the plasmodiblast has appa¬ 
rently enveloped portions of the allantois ; in these regions it is 
clearly seen that the cytoblast cells form an internal lining for 
tlie xdasmodiblast, incidentally surrounding the allantoic meso¬ 
dermal villus. 

The paraplacentary layer is thick ; as before two layers 
can be easily made out. Tlie deeper true paraplacentary layer 
is studded with the detrital matter from the dermis, and the 
superlicial one is in contact with the growing placenta. Some 
of the venous vessels jiresent in this . layir are being 
slowly surrounded by the progressive plasmodiblast. In 
addition to the occurrence of decidual cells in the para¬ 
placentary network in the previous and this stage it is noticed 
that a large amount of secretion also occurs. These arc glo¬ 
bules of various sizes found imbedded in the i>araplacentary 
network. These are not affected by eosin and are coloured dark 
grey. Further, in the same layer nuclei in various stages of 
transformation could be seen. Some are large and are imbed¬ 
ded in the corners of the network. Others are small, usually 
associated with a large and highly stainable body. 

The dermis is very active ; many cells undergoing mitosis 
are seen. Some of the cells have assumed a lozenge shape. 
The veins and arteries possess tjiick walls on account of the 
hypertrophy of cells. In the lumen the usual leucocytes 
described in the previous stages are also seen (Fig. 12a). 

Fig. 17a represents a sectional view of the placenta at the 
5 mm. stage. The plasmodiblast which was described as sheet¬ 
like in the previous stage is becoming lamellar and in between 
the lamellae are the large allantoic portions. The engulfed 
arteries and the invading allantoic splanchnopleure are seen 
very well. 
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In Pig. 18 the proximal wall of the yolksac is shown. 
The thick splanchnopleure covering tlie yolksac and possessing 
a large number of vessels, is possibly functionally active at this 
period of gestation. The endodernial cells are columnar and 
free from granules. The clear nature of these cells or the 
vacuoles in them is due to the dissolution of granules by 
fixatives like Bouin, etc., and 1 have not yet had opportunities 
to study osmic materia! to examine the lix)oid contents of 
these cells. 

ytage E. (Pregnant Utenm 7 mm.).—(See i^'igs. U) and 20.) 
The placenta has increased in size and is thi(*.ker than in the last. 
The plasrnodiblast in certain regions shows the lamelhe clearly. 
The free extremity of the lamella is towards the feetus and alw ays 
encloses an arterial capillary. In between any two such lamelhe, 
each enclosing an arterial capillary, a large amount of allantoic 
mesoderm may be S(Mm. In othei parts the plasrnodiblast 
is excessively thick enclosing several islands of splanchnic 
mesoderm and at the free terminus of such a plasrnodiblast 
(towards the fadris) is a large arterial bay. The cytoblast could 
only be recognised by th(^ even occurrence of the flattened 
nuclei in this stag(\ 

The paraplacentary layer show\s considerable advance¬ 
ment. The phagocytosis has advanced by leaps. The culmi¬ 
nation of tliis interesting xflienomenon of phagoc.ytosis is 
noticed in the occurrence of larger spaces in the deeper 
I)araplacentary layer. In fact a series of steps can be 
traced in the formation of these spaces. The cellular contents 
from the dermis layer after un<lergoing degen(‘ration are cast 
into the deeper paraplacentary layer, which is spongy. In turn 
the paraplae(mtary layer undergoes an irni^ortant histolytic 
change. Tlu^ remaining cellular outlines are lost, and thus 
large spaces are left b(^hind. Such spaces are not noticed in 
tlie earlier stages of gestation. 

The muscular layer is very i)romincnt and occupies a 
greater i)art of the uterine wall. 

The amniotic mesoderm is getting united with the allantoic 
portions as in the previous stage. 

The yolksac is getting diminished in size. It is observed 
as a small vesicle on the mesometrial side. 

Stage E. (Pregnant Uterus 9 mm.).—(See Figs. 21, 21a to 
21c). The placenta is thick. The vesicular allantois has extended 
into the plasrnodiblast considerably. Between any two allantoic 
portions a large mass of plasrnodiblast could be seen. In this 
plasrnodiblast layer a number of lacunaB filled with maternal blood 
as in the previous stage is also found. The plasmodium having 
engulfed the paraplacentary veins is slowly progressing towards 
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the interior of the paraplacentary layer. Now, the placenta 
can be described as follows. Internally towards the foetus 
there are large arterial sinuses which are the vessels enveloped 
at first by the plasmodiblast and internally towards the para¬ 
placentary layer there are the large venous sinuses surrounded 
by the plasmodiblast finally. In between the arteries and veins 
a set of highly branched capillaries can be seen. All these 
three systems—the arterial sinuses, the capillaries and the 
venous sinuses—are to be distinguished in the plasmodiblast. 

While the plasmodiiim is in the form of lamellae in the 
inner region it is a flat region in the external part (towards 
the muscularis). Thus in a perpendicular section it is seen as 
a network of irregular nature. Naturally we are led to believe 
that these plasmodial bays are independent of one another. 
But that it is not true becomes manifest when one examines 
the transverse or longitudinal sections of the uterus. It is 
definitely seen that the plasmodium is a continuous structure. 
P^urther in the perpendicular sections the allantoic mesoderm 
forms a core for the cytoblast and the plasmodiblast. In the 
next stage this appearance is lost (see ¥ig. 21a). 

The arterial vessels are seen possessing a perivascular 
sheath. The veins are devoid of this, and the cells in the walls 
of the vessel are still dividing. In certain regions the endothe¬ 
lium is particularly thick. 

The dermis is thick in some parts and thin in others. The 
fibrous nature is only seen in certain parts. The spaces 
referred to in the previous stage are also seen in this stage. The 
dermis is no more showing cellular divisions. 

The paraplacentary layer is full of disintegrated cellular 
matter derived from the dermis. The detritus consists of 
broken down cells, the protoplasm of which is stained by eosin 
and the nuclei by hsematoxyline. This cellular detritus is some¬ 
times observed to be in close proximity with the plasmodi¬ 
blast. The meshwork of this paraplacentary layer in which 
detrital matter is found persists in certain regions while in 
others it breaks down to give rise to large spaces. In the 
meshwork the spaces are all elongated and the long axis of 
these spaces arc parallel with the long axis of the uterus. The 
nuclei studded in the fibres of the meshwork are highly chro¬ 
matic, oblong and carry a nucleolus. 

Fig. 216 is a tangential section of the placenta at this stage. 
The plasmodiblast is full of lacunae and is interspersed with 
the allantoic mesoblast. Further, a very important change 
has taken place. The cytoblastic lining for the plasmodial 
bays has disappeared, so much so the allantoic mesoderm is 
separated from the maternal capillaries by the thin plasmodi¬ 
blast. 
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The mesomctrial yolksac and the trophoblast are sliOAvn 
in Fig. 21c. The yolksac has almost lost its cavity and the 
proximal wall has come in close eontacl with the rnesometrial 
epiblast. I have already remarked that T was not able to make 
osmic preparations and then^fore I shall not venture to 
remark about physiological importance of the yolksac. 
For the same reason 1 am not able to explain the sym* 
plasma (?) fornuxl in the literine wall on the noii'embryonic 
side. Possibly this is due to the iiroximity of the trophoblast 
with the uterine wall. Needless to i>omt out that the uterine 
epithelium is lost. 

Stage E. {Pregnant Uterus V2 mm ,).—(See Figs. 22 and 2?a.) 
This stage is marked by the great developnumt of the placenta 
and the attenuation of the cavity of the yolksac and an almost 
complete disappearance of the uterine glandular enlargements 
in the rnesometrial side. 

The plasmodiblast has (uivelopi^d a major portion of the 
Xiaraplaceiitary layer and therefore the utc^rine part looks thin. 
The plasmodial j)illars in almost all tlie regions have united 
together thus encompassing the allantoic part. The arterial 
capillaries and the elongated venous vessels are all seen. The 
cytoblast is no more observable. 

The paraplaccntary layer is minimised in size, and still 
the deeper juirt has a considerable amount of the products of 
degeneration. 

The rnesometrial wall where the symplasma was observed 
in the previous stage (see Fig. 21c) has considerably increased 
now. The j^roliferative trophoblast lias established intimate 
connections with the dermis (sec Fig. 22a). 

In close contact with the trophoblast the yolksac wall is 
also noticed. The blood circulating in the yolksac mesoderm 
shows corpuscles devoid of nuclei. 

Stage E. {The fully grown Placenta). —(Set^ Figs. 23, 23a to 
23c.) The uterus containing the two young ones is sectioned and 
it is observed that the maximal edification of the placenta is 
accomplished. The blood is circulating in the sanguimaternal 
lacuniB. A well-developed chorion laeve is also present. 

The placenta is of the haunochorial type. The maternal 
blood is circulating in thin plasmodial lacunae and any two 
such lacunae are separated by a thin allantoic mesoderm so 
much so the gaseous and nutritive exchanges can take place 
easily. The absence of cytoblast has already been noted in 
the previous stage. The large arterial sinuses and the venous 
ones are present in their respective places (see Fig. 23), 

The paraplaccntary layer is thin. In certain regions this 
layer is incomplete and the placenta is directly in contact 

2 F 
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with the dermis. The paraplacentary layer shows no more of 
the detritus. As previously stated the cells of this layer 
are perpendicularly disposed. 

The dermis cells are now normal. Here and there few 
cells may be seen undergoing disintegration. The lateral mar¬ 
gins of the uterus are thin. 

A very important feature of this stage of placentation is 
the presence of chorion Iseve (Fig. 23a). This chorion licve 
is merely tlie extension of the extraplacental trophoblast into 
the uterine dermis which is subjacent to the placenta. The 
trophoblast as soon as it leaves the placenta, ascends and eats 
its way into the dermis. If we follow the (diorion laeve from 
the side of the uterine wall, it is noticed that the trophoblast 
is closely attached to the dermis. Following we meet the 
other layer of the trophoblast forming the external boundary 
of the edge of the placenta. Internal to this layer of 
trophoblast, a thin layer of dermis is noticed. 

Fig. 236 is the drawing of the extraplacental wall. It 
is very thick, a condition already foreshadowed in the previous 
stage. A definite thick uterine symplasma is formed and 
the cells of the trophoblast in certain n^gions are indistinguish¬ 
able from the cells of the dc^rinis, except by the large size of the 
nuclei of the latter. The chorionic im^soderm is a consxucuous 
layer and bears a large number of capillaries. 

The yolksac (see Fig. 23e) having possibly discharged its 
function by serving as an additional channel for securing nutrition 
has shrunk and be(iome a closed vesicle with a highly vascular 
splanclmopleure. In certain parts the cavity of the yolksac 
is minimised and in other parts entirely absent n^calling the 
condition met with in the bigger bat Pteropus. Further, the 
nuclei of the blood corpuscles are lost and they have assumed 
their normal mammalian condition already seen in the pre¬ 
vious stage. 

RESUME 

Having followed the main features of the x)lacentation 
in Vesperugo, it will be noticed that it does not differ very 
much from that described for Vespertilio by previous workers. 
I was not able to secure the paper by Kemper man (1929) 
on the placentation of Minioptcrus which happens to be the 
latest contribution on this subject, and therefore I am not in a 
position to compare the South Indian form with the foreign 
one. 

The main features in the study of the placentation of 
Vesperugo are as follows :— 

1. The number of embryos in Vesperugo leisleri is two ; 
and the same has been described for other species of 
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Vesperiic?o by other authors also and therefore while only one 
is found in Vespertilio, the genus Vesperugo gives birth to 
two at a time. 

2. The probable origin of the primitive amnio tic 
cavity by a rearrangement of the cells of the embryonic 
rudiment is hinted ; the disappearance of tlu^ primitive amniotic 
cavity as reported by (). van der ^^Iricht for V, noctiila is not 
observed in Vesperugo leisleri. Tn main, the formation of 
amnion in the Soiitli Indian form supports the descriptions of 
Levi. 

3. The jdacenta is definitely antimesometrial; the de¬ 
scriptions of Marshall are not a(‘curate. 

4. The extraordinary prolifi^ration of the allantoic meso¬ 
derm and the consequent attenuation of the allantoic vesicle 
is noted. 

5. The yolksac in the final stage of gestation loses the 
umbalical cavity recalling the (iondition in the bigger bat 
Pteropus and persists as such till tho time of delivery. 

[A detailed account of tlu^ embryonic mass and tlie physio¬ 
logy of the yolksac will be attempted whim 1 secure a sulTichmt 
number of stages to report, upon.] 

LIST OF ABBREVIATIONS USED IN THE PLATES. 


A. 

A. c. 

A. g. 

Am. 

All. 

All. d. 
All. V. 
C. 

C. b. 

C. 1. 
C.p. 

C. t. 

T). 

I), p. 

D. i. s. 

D. p. 1. 
T), m. 

E. 

E. a. 

E. a. b. 
E. e. c. 


Artery. 

Amniotic cavity. 

Albuminoid globules. 

Amniotic membrane. 

Allantois. 

A11 antoic diverticulum. 

Allantoic vein. 

(lapillary. 

Cytoblastic buds. 

Chorion liPve. 

Continuation of the plasmodiblast into the 
cytoblast. 

Cytoblast. 

Dermis (Sub-decidual layer). 

Decidua to be absorbed by the paraplacentary 
layer leaving an intercellular space I.C.S. 
Dermis changing to form intercellular space. 
Deeper paraplacentary layer. 

Modified dermis. 

Embryo. 

Engulfed artery. 

Engulfed arteiial bay. 

Extra embryonal coilom. 
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E. m. 

E. V. q, 
E. V. 

G. 

G. o. 

hy. V. 

I. all. SI). 
I. C. S. 

L. 

Le. 

M. 

M. d. 

Me. 

M. s. 

M. V. 

M. v'. 

P. b. V. 

PI. 

P. 1. 

P. s. 
Ps.l. 

P. t. 

S. p. 1. 
»o. 

Sp. 

S. t. 

T. 

U. e. 

U. e/. 

U. w. 

Y. 

Y.e. 

Y. s. 


Embryonic maKSS of cells. 

Euj?\ilf(^d vein. 

Fodal blood vessel. 

Glands. 

Openings of the glands. 

11 ypertrophied vein. 

Projecting allantoic splanelmopleure. 
lnterc(dlular si)aces. 

Lacuna). 

JiCueocytes. 

Mesometrium. 

Modilied dermis. 

Mesoderm. 

Serous aud muscular part of the uterus. 
Mat(Tnal vein to be envelo])ed. 

Env(‘lo[)cd maternal vein. 

Yucleus. 

Paraplaeentary biood vessel. 

J^Iaeeiita. 

Paraplaeentary layer (Decidual layer). 

Primitive streak. 

Pseudolibrous layer, 
l^lasmodiblast. 

Superlicial paraplaeentary layer. 

Somato pie lire. 

Splanchnopleuie. 

Sinus terminalis. 

Trophoblast. (In Eig. 12 tlie tro])]ioblast is not 
shown.) 

Uterine epithelium. 

Denuded uterine epithelium. 

Uterine walL 
Yein. 

Yolksae endoderin layer of yolksac. 

Yolksac. 


EXPLANATION OF FIGURES. 

Fig. 1. Diagrammatic transverse section of the entire uterus 
with blastocyst a. (x 80.) 

Fig. 2. Blastocyst a. and a part of the uterus magnified. 

(X 100.) Notice on the mesometrial side the 
persisting uterine epithelium. 

Fig. 3. The placenta of the blastocyst b. magnified, (x 248.) 

Fig. 4. Transverse section of the uterus showing the blasto¬ 
cyst c, (X 80.) Note the primitive amniotic 
cavity. 
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Fig. 5. Blastocyst c, and the placenta magnified. The 
arnniotic cavity is not present in this section. 
(X 200.) 

Fig. 6 . Transverse section of the blastocyst d, and a part 
of the uterus. Inset shows a hypertrophied vein 
with cells showing mitotic nuclei, (x 180.) 

Fig. 7. Magnified view of blastocyst d, (x 200.) 

Fig. 8. Transverse section of the entire uterus with the blasto¬ 
cyst e, (x iOO.) 

Fig. 9. The embryonic part of blastocyst e. magnified, 
showing the formations of mesoderm, allantoic 
mesoderm and somatopleure. (x 100.) 

Fig. 10. Transverse section of the uterus showing the small 
allantoi(j rudiment, the large yolksac and the 
sinus terminalis. (x 100.) 

Fig. 10a. Section showing the embryo (the allantoic part), the 
yolksac and the trophoblast magnified, (x 100.) 

Fig. 11. The placenta at the stage shown in Fig. 10. (x 200.) 

Fig. l\a, A of Fig. 11 magnified, showing a single 

hypertrophied vein. Note that the wall of the 
vein wdiich is adjacent to the trox)liobla8t is very 
thin. (X 248.) 

Fig. 12. A part of the paraxdacentary layer from Fig. 10, 
showing the globules, (x ioo.) 

Fig. 12a. Leucocytes of the vein. The lower ones in the 
figure are the normal comi)onents of the blood. 
(X L500.) 

Fig. 13. Transverse section of the uterus showing the hori¬ 
zontal disposition of the embryo and the large 
yolksac. (x 80.) 

Fig. 13a. A part of the edge of the placenta magnified showing 
the continuation of the cytoblast into the meso- 
metrial region and the termination of the jdasmo- 
diblast. (X 100.) 

Fig. 14. Magnified view' of the part of the uterus and the 
allantoic portion with the embryo showing the 
bend of the former towards the trophoblast. 
(X 200.) 

Fig. 15. Section of the uterus showing the attachment of the 
allantois. Note the abbreviated endodermal pro¬ 
jection into the sidanchnopleural mesoderm. 
(X 80.) 

Fig. 15a. The placenta when the allantoic rudiment has made 
its appearance. A large number of lacunae have 
appeared in the plasmodiblast. (x 124.) 

Fig. 16. Section showing the spreading of the allantois with 
the small allantoic diverticulum. (x 80). 

Fig. 17. Placenta 5 mm. stage, (x 100.) 
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Fig. 17a. Tan^oDtiaJ section of the placenta 5 mm. stage. 
(X 100.) 

Fig. 18. Proximal wall of the yolksac magnified. (x 100.) 

Fig. 19. Jdaconta 7 mm. stage. Xote the growth of the 
allantoic mesoderm into the plasmodiblast, the 
engulfed veins and the system of capillaries between 
the arteries and veins, (x 220.) 

Fig, 20. A part of the parajdacentary layi^r at 7 mm. stage, 
magnified. Note the deep and superficial layers 
and tlH‘ intercellular spaces in the dermis. (X 121.) 

Fig. 21. Diagram of tlie placenta and the uterus, 9 mm. 
stage. (X 10.) 

Fig. 21a. The placenta magnified, 9 mm. stage. Noth the 
larnelhe-like plasmodiblast and tlu^ insinuating 
allantoic splanchnophnire, the engulfed veins and 
the invasion of the plasmodiblast into the para- 
placentary layer, (x 100.) 

Fig. 21^. Tangimtial section of the placenta, 9 mm. stage. 

Not(‘ the abs(uiceof thecytoblastie lining. ( X 100.) 

Fkj. 21c. Proximal wall of the yolksac come in (jontact with 
the trophoblast. (x 100.) 

Fig. 22. Diagram of the pla(»(uita at a late stage. (x 100.) 

Fig. 22a. I^roxinial wall of the yolksac. come in contact with 
the uterine wall. (X 100.) 

Fig. 28. Diagram of the placenta fully grown, (x 100.) 

Fig. 28a. A magnified view of the chorion ia^ve. (x 80.) 

Fig. 28^?. Mesonietrial part of the uterine wall of the fully 
grown stage, (x 100.) 

Fig. 28c. Aii entire part of the yolksac. Note the abbreviated 
lumen of the sac in certain places. The corpuscles 
arc devoid of their nuclei, (x 80.) 

The drawings arc all made with the aid of the Camera 

Lucida ; Leitz objectives and eyc-i)ieces have been used. The 

magnifications noted above are according to the table given 

by Leitz. 
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THE SPARK SPECTRUM OF MERCURY, 

Hg II AND Hg III * 

By 'r. S. SUHRAH/VYA, M.So., A.Inst.P. 

(Department of Physics, Central College, Pangalore.) 

INTRODUCTION. 

Morc.ury is an element whose speetriim lias been the subject 
of experimental investi^^ation for about a century, and the 
numlK‘r of empiiries (ioncernin^^ tliemselvi^s directly or indirectly 
with this spectrum is overwhelming. Yet it is only since 
that knowh^lgi^ rc^ardinj? tlu" strinttun^ of its spark 
spectrum has beem a(;cumulatcd. Thii first irntry in Kayser's 
Hanflbnch der Spectroscopic under the ehumuit. mercury ri*fers 
to a pap<T by Ch. Wheatstone’ on the spark spectrum, read 
before* th(^ Nottinejham nuHdiiiK of the British Association 
in 1H35. But the first attempt at its analysis was that of 
J. A. (/arroll- who studied the sfiark sp(*(‘tra of a number of 
(dements homologous with coppi^r, silvcT and gold. It is true 
that Bydberg had notnd^ the fiair of linens 2817.S:5 A and 
222().82 A as analogous to the firincipal pairs of ionised 
(*admium and zinc, but the r(*sults of (^arroll showed that these 
lin(*s could not be tin* first mcnib(*rs of the principal s(*ries. 
A little lat(T, B. A. Sawyer^ in a pap(*r on “The Deep-lying 
T(‘rms in Two and Thr<*e Valence Klectron System Speudra” 
upludd the classification of Bydb(‘rg and i(h*ntifi(*(l A I9S7.2 
and l(>b2.b as (>“!’,—d”\Sandt>“B..—(> "S. This discrepancy 
bctw(*(*n th(^ results of the two inv(‘stigat()rs and some int(*rest- 
ing pheiionuma observed by himself induced Paschen' to 
undertake a new (hdailed analysis of the speedrum. This 
important inv(*stigation (jonfirimMl ('arrolPs work in part 
and also provid(*d a complete s(*ries cdassitication of the doublet 
spectrum of singly ionis(*d nmreury. 8. M. Naudi*,^’ working 
in Pascluui’s laboratory, succ(*(Mled in idcuitifying a number 
of quarttd t(*rms and a few doublets. In an attempt to t*,x])lain 
fh(^ peculiar behaviour of some spark lines of mercury noticed 
by l^rof. B. VcuikaB^sachar,'^ a number of new levcds w<^re 
diseovered by the author."* At the same timi* a paper by 
McLennan, McLay and Crawford'^ appeared in which the 
spectrum was iiit(5rprctc.d on the basis of close j-j coupling. 
These authors rejected a number of t(rms given by Paschen 
and Maude as insufficiently established and also gav(^ a number 
of n(*w terms. 8oine of these (joincided with terms which 
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had been found by the author and otherwise interpreted. 
A consideration of the whole set of terms showed, however, that 
none of the terms given by Paschen or ^^aud^ needed to be 
set aside, and the new terms given by McLennan and his 
co-workers found a natural place among displaced series 
discovered by the present writer.’^ A close study of the 
limits approached by these series revealed the fact that Hund’s 
later theory*'^ correctly represented their behaviour. A new 
light was also thus shed on the Hg Ill spectrum which had 
been partly analysed by McLennan, McLay and (Crawford.'^ 
The results obtained by the application of these new ideas were 
presented by the author before the Science Congress Meeting 
at Patna. Further investigation has led to an extension of the 
Ilg 111 spectrum in some directions and these results are now 
included for the first time in this paper. It is proposed to 
discuss the work of other investigators in so far as it has been 
utilised in the present impiiry and then give a comprehensive 
account of all the results obtained by the writer in the course 
of his work on the spectrum of singly and doubly ionized 
mercury. 


EXPERIMENTAL DATA. 

Exiierimental data from a number of sourct^s have been 
utilised in the present work. Tlu^ tables of spark lines given 
by Stiles, Eder and Yalenta (to be found in Kays(T’s Hand- 
buck^), Dejardin,’-’^ ‘ Kasmussen’** and Kicard^’’’^*^ have 
been drawn upon, while in the extreme ultra-violet, the 
observations of Lyman,L. and E. Bloelf'' and particularly 
J. A. CarrolP have been very useful. Stiles‘S and Eder 
and Yalenta employed the condensed spark while Lyman, 
L. and E. Bloch and J. A. Carroll have used the sjiark in vacuum. 
Accordingly their data include lines of Hg 111 and higher ions. 
Using the (‘lectrodeless discharge in conjunction with a spark 
gap the length of which is varied, Dcjardin and Kicard have 
classificni the lines given by them as belonging to Hg II, Hg 111 
and Hg lY. This method of distinguishing lin(‘S belonging 
to different stages of ionisation is due to L. and E. Bloch whose 
paper^^ became recently available at Patna through the 
courtesy of the authorities of the Science College there. 
A similar classilication has been given also by Kimura and 
Nakamura-*’ in the case of prominent spark lines. They employed 
the method of varying the inductance used in series with the 
spark gap, whereby the lines due to lower stages of ionisation 
become strengthened and those due to higher ions become 
weakened on increasing the inductance. This method has 
been used also by A. Fowler-^ and by K. It. Itao.^- See also 
Gibbs, Yieweg and Gartlein.-'^ Although these methods are 
reliable in the main, the differences between different authors 

6 F 
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show that caution has to be exercised in interpreting the results. 
The following table shows the extreme divergence that some¬ 
times exists in tlie conclusions of different observers. The 
results obtained by D^jardin'-^ by the method of electron 
collisions have also been utilised in making the comparisons. 
These are distinguished by writing (Bl) in parenthesis. 


Classification of IIg Spark Lines according to different Observers, 


Wave-length 

Dejardin 

L. and E. Bloch 

Kimura and 
Nakamura 

Ricard 

Remarks 

(H49.4 


Hgll 

Hglll 


2S—31'., of Hg II Paschcn. 

6123.0 


Hgll 


Usually giv(*n as arc line. 

So also Laffav. 

r)425.3 


iigir 

Hglll 


31).^-4E;i of Hg il Paschon. 

4973.6 


Hg III 

Hgll 

4898.7 


Hg 111 ? 


Hg 11 

Ascribod to Hg 11 in this work. 

4869.9 


Hglll 


Hgll 

J)o. 

4866.7 


Hg III 


Hgll 

Do. 

4841.2 


Hg IV 


Hg 11 


4600.7 


Hg IV 


Hgll 


4515.7 


Hglll 


Hgll 


4487.5 


Hg III 


Hgll 

AscTil)ed to Hg 11 in this work. 

4470.6 


Hglll 


Tig ir 

.... 

4402.1 

Hgll(Kl) 

Hglll 


Hgll 

E, A.smbod to Hg ll in this 
work. 

4385.6 


Hg IV 


Hgll 

.... 

4378.6 


Hg III 


Hgll 

.... 

4376.2 


Hg III 


Hgll 

.... 

4336.9 


Hglll 


Hgll 

Ascribed to Hg II in this work. 

4261.9 


Hg III 


Hg II 

Do. 

4216.7 


Hglll 


Hgll 


4122.1 

Hg II (El) 

Hg III 


E, 

4032.9 


Hglll 


Iigiv 

AscTil)cd to Hg IT by Nando. 

3942.6 


Hglll 


HglV 

Do. 

3820.6 


Hgl 

Hgil 


3790.4 


Hgl 

Hgll 

, , 


3771.0 


Hgl 

Hit II 



3755.0 


Hglll 

Hill 



3751.7 


Hgl 

Hg 11 

Hg II 

.... 

3561.7 


Hgl 

Hgll 


3543.7 


Hgl 

Hgll 

, . 


3362.9 


Hg HI 

Hgll 

. , 

.... 

3332.4 


Hglll 

HglV 

Ascribed to Hg 11 by Naude. 

3208.2 

Hgll(El) 

Hgll 

Hgill 

E/ Do. 

2947.1 

Hgll(El) 

Hgll 

Hglll 

, , 

E/ Do. 

2916.3 

Hgll(El) 

Hgll 

Hglll 

. , 

El Do. 

2817.9 


Hglll 

Hgll 

.... 

2809.4 


Hglll 


Hgll 

.... 


* El and E^' indicate lower and higher degrees of excitation in the Hg II 
spectrum. 
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Wave-length 

Dejardin 

L. and E. Bloch 

Kimura and 
Nakamura 

Ricard 

Remarks 

2702.6 

Hgll; 

Hgn(Rl) 

Hg II 

Hglll 


El ? Ascribed to Hg II in this 

2683.0 

Ilg 11 

HglV 


work. 

2642.0 

Hgl 

Hg III ? 



.... 

2628.1 

Hgll 

Hglll 



Ascribed to Hg II by Paschen. 

2tK)8.6 

Hg III 

HglV 



2690.5 

Hglll 

HglV 



.... 

2.698.6 

Hgll 

Hg IV 



.... 

2578.9 

Hgl 

Hg IV 




2574.9 

Hg 11; 

Hg HI 



E, ? Ascril)ed to Hg II by 

2671.8 

Hgll (El) 
Hgl 

HglV 



Naiide. 

2563.9 

Hgl 

Hg IV 




2541.2 

Hgll? 

Hg TV 



.... 

2524.7 

Hglll 

Hg 11 ? 



Ascribed to Hg 11 in this work. 

2507.5 

Hgl 

Hgll 



2502.8 

Hglll? 

HgH . 



.... 

2492.1 

Hgll 

Hgll 

Hglll 


2S- 4Pu of Hg 11 according to 

2458.5 

Hgll 

Hg 111 


Paschen. 

2451.2 

Hgll or 

HglV 




2448.6 

Hglll 

Hg 111 

HglV 




2414.1 

Hgll; 

Hg II 

Hgill 


Ej Ascribed to Hg 11 by Naad6. 

2407.4 

Hgll (El) 
Hgll; 

Hgll 

Hg III 


Do. 

2340.6 

Hgll (El) 
Hgl 

Hg II 

Hglll 

i 

.... 

2316.0 

Hgl 

Hg II 

Hglll 


.... 

2300.0 

Hgl; 



El' 

2296.4 

Hg 11 (El) 
Hgll 

Hgll 

Hglll 


Ascribed to Hg 11 by Naude. 

2263.9 

Hg 11; 
Hgll (El) 

Hgll 

Hglll 


El 


A perusal of the above comparison shows the extreme 
diversity which the results of different observers display in the 
case of some lines. It is astonishing to find some lines ascribed 
to the arc by one investigator and to trebly ionised mercury 
by another. There are cases in which the same observer gets 
different results by different methods. But in general one 
can see that lines due to high terms in any spectrum are likely 
to be ascribed to the next higher stage of ionisation. In fact 
many lines classified by Naiide or in this work as transitions 
involving the high d” sd '‘D terms have been ascribed to Ilg III 
or sometimes even to HglV by L. and E. Bloch. Some 
lines ascribed to Hg III or Hg IV by the Blochs or by Ddjardin 
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have been included in the present work, particularly in view 
of the large number of cases in which L. and E. Bloch give a 
line as belonging to ITg III or Hg TV while it is ascribed to 
Ilg IT by Tiicard. Especially in the case of negative terms, 
the likelihood of a line appearing to belong to th(5 next stage 
of ionisation is quite high. Taking these facts into considera¬ 
tion it may be remarked in passing that the objection raised 
by D^jardin and Hicard-^ against Paschen's classification of 
A 3312 on the ground tliat it belongs to Ifg ITT as observed by 
the method of electron impact loses much of its weight since 
this line involves a high term. The similar objection of 
Eicard^*^ that in the classification of Naudc appear lines that 
surely belong to ITg IV must also be examined with caution 
and with due regard to their mode of production in the source 
used by Naudf*. This can be done when w(>! havt^ described 
the processes in the hollow cathodes discharge used by Paschen 
and Naude ; a discussion of this source is also important in 
the present work since mucli of tlu^ material for this investiga¬ 
tion has been first sought in tlie lists given by these authors. 
The results of the other investigators mentioned at the begin¬ 
ning of this section hav(‘ only been utilized to supphmient 
these data wherever necessary. Hence we will in the next 
section discuss the hollow cathode glow dis(‘]iarge and the 
peculiar advantages whic.h have led to its extensive use in 
modern days. 

THE HOLLOW CATHODE DISCHARGE. 

The liollow cathodci was used in a spectroscopic source 
first by Faschen.-*' Tt usually consists of a hollow cylinder 
of the metal wliose siiectrum is to be excited if it is one that 
sputters sufTiciently for tlui purpose, or the m(‘tal is placed 
in a powdered (londit.ion inside a hollow cylinder of carbon or 
molybdenum. It was shown by Hchiiler that one or both 
sides of the cylinder could be closed leaving a small slit on 
the side facing the window. Takahashi-' in Ids work on the 
spark spectrum of cadmium used a carbon cylindi^r, one end 
of which was closed, and tlui cadmium was placed in a powdered 
form between the closed end and a la^rforated diaphragm 
placed across the cathode at about one-fourth of its length 
from the closed side. In the form of the tube used by Paschen 
for mercury the carbon hollow cathode was held in an iron 
ring and the anode was made of sheet iron. The tube was 
closed by a quartz window. A D.O. voltage of about 1500 volts 
was applied to the tube and the current was kept low at about 
20 milliamps. Pure helium was circulated through the tube. 
When the carbon cathode had been kept incandescent for some 
time by means of a strong current and the helium pure, carbon 
lines and bands entirely disappeared and only mercury lines 
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were present. The mercury vaporised sufficiently by the 
heat of the cathode leads and entered the hollow cylinder. 
The helium was freed from hydrogen after its exit from 
the tube by passing it over heated copper oxide and then further 
purified by passing through (diarcoal cooled by liquid air. 
The purified helium Avas again led into tlie tube and kept slowly 
circulating through the apparatus. The mercury can also 
be excited without the presenc(‘. of helium and >[aud6 has in 
this way observed more lines than could be obtained with 
helium. 

Tlie conditions obtaining within the hollow cathode are 
somewhat different from those in an ordinary discharge.'*^’ 
First in the inside of the cathode is found the cathode sheath, 
and then there is the Orooke's dark space in the form of an 
annulus and in the middle of this is the cathode glow surround¬ 
ing the axis of the cylinder. The purer the helium, the brighter 
is this glow. Th(^ pressure*: at which the discharge is chiefly 
confined to the inside of the cathode depends upon the diameter 
of the cathode and the nature of the gas : the most suitable 
pressure is that at which th(‘. normal cathode dark space has a 
length equal to the inner radius of the cathode ciylinder. The 
region inside the negative glow is free from electric fields so 
that ions of the metal can remain in considerable numbers 
and radiate freely even from states of large quantum number. 
The higher members of series are strongly and fully developed. 
But for this circumstance, the singlet levels in Al TI could 
not have been identified, as Paschen"'' points out in his paper. 
Another adA^antage is that the lines are not broadened on 
account of the 8tark effect and the temperature can be kept 
low so that the lines are sharp. It is for this reason that the 
hollow cathode in the modified form given by Schuler is so 
often used for investigating the hyperfine structure of spectral 
lines. 

The mode of excitation is envisaged in the following manner 
by Paschen and Prerichs.^"' The metal atoms must be sparse 
enough for the current to be mainly carried by the rare gas 
atoms. Under these circumstances a considerable number 
of metal atoms will be present in the negative glow in the form 
of ions while in the positive glow or in a side-tube near the 
anode they are present in the neutral state. The energy of 
the metastable state of the rare gas used is then communicated 
to the metal atoms by impacts of the second kind with meta¬ 
stable rare gas atoms as some would have it, or by electrons 
whose energy is limited by that of the metastable state of the 
rare gas as Paschen is inclined to consider. Even if the excita¬ 
tion is by the electrons the available energy is not greater 
than that of the metastable state of the rare gas since the 
electrons cannot reach a higher energy and yet remain without 
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giving it up to rare gas atoms, as has been shown by Franck 
and Hertz. That the available energy is limited to that of 
the metastablc state of the rare gas is borne out by the experi¬ 
ments of Frerichs conducted at the suggestion of Taschen 
with Al, Mg, Zn and Cd and using He, N"e and A in turn. 
From these experiments Paschen concludes that the metal 
atom is excited from the normal state, of the ion inside the 
negative glow whereas in the positive glow or in a side tube 
it is excited from tlie normal or metastable level of the neutral 
state. It was found that lines involving an initial level whose 
term value is less than —E, wher(‘ is ih(» term value 
of the normal state of the ion and E is the available energy 
of the rare gas atom, could not be (^xcited. E was found to 
be the energy of the metastabh>i state of the rare gas. 

Applying theses consid(‘Tations to mercuiy-” we should 
expect no lines to be emitted in the piescnce of helium such 
that their initial level has a term value smaller than 
151280—1598.^0== 8550. The smallest term found by JS'aud^ 

is —8019. Even the lowest excited states of Hg 111 are much 
beyond the small margin of available excess (Uiergy. Accordingly 
the line 8312 classified by Paschen as belonging io Hg 11 must 
be taken to be correctly identified and Dejardin's results 
will have to be explaincul on the ground that a weak transition 
like that represented by 3312 |Y(“1\^.,)—A(l).,^ 2 )] flight have 
escaped notice at lower voltages. This View is. further strength¬ 
ened by the fact that even th(>! strongest lines classified 
by McLennan, McLay and CrawfoixP’ as belonging to Hg 111 
have not appeared in Paschen’s list. Hence it is quite certain 
that lines like 3312 and 3090 which are not among the classified 
lines of Hg 111 could not really belong to that; spectrum since 
they aiipear in the hollow cathode discharge in tin*, presence 
of helium, it is also significant that the two lines 3312 and 
3090 which appear at the same voltage according to i-)(^jardin 
have the same final level according to Paschen (Y—^A and 
Y—58) and their initial levels are also near. We must also 
remember that Dejardin has not obtainc»d even the strongest 
classified lines of Hg HI by the method of electron imj^act. 
It is therefore safe to take Paschen’s allocation as correct. 
A similar argument applies to the objection raised by Kicard^^ 
against the (dassification of some lines given by Naude, on 
the ground that they belong to Hg IV. Some of those, 

A 3942.59, 3402.77 and 2957.36 appear in the presence of 
helium.® When even the prominent lines of Hg 111 do not 
appear in the hollow cathode discharge with helium, it is 
incredible that lines of Hg IV can be produced. When there 
is pure mercury with no helium, the excitation depends only 
on the electron velocity and lines of greater excitation may 
appear in the discharge, just as in pure helium the excitation 
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is sufficiently high to produce its spark lines. According to 
Paschen, lines of excitation energy equal to 49.1 volts have been 
observed in pure helium. The appearance of two of the 
strongest lines of HgJJl (viz., 2354.and 2244.42) in the 
hollow cathode discharge in pure mercury vapour*’ is in 
accordance with Paschen’s conclusion, for the excitation 
energy of these two lines measured from the ground state of 
the normal atom is about 37 volts. Kven stronger lines, when 
their excitation energy is greater, do not appear in Naude’s 
list. Jt is therefore improbable that the lines of Hg IV have 
crept into his classification. Picard’s objc'ction also loses 
weight from the fact that some of these same lines of Maude, 
which he attribute's to ITg IV, are giveui as belonging to Hg 111 
by L. and E. Plocli. 

THE PRESENT INVESTIGATION. 

As has already been noticed in the Introduction, riiiToll- 
was tlie first to attemipt an analysis of tlie first spark spectrum 
of mercury. Although the results independently obtained 
by Sawyer’ cast doubts on the (*.orrectness of liis elassifieation, 
Paschen’s analysis"’ proved the general accuracy of Parroll’s 
work and ])rovided at the same time an (extensive investi¬ 
gation of the doublet spectrum, built on the d"’ hS, state of 
thellg^'^ ion. The lini's us('d by Sawyer as th('. first pair of the 
principal scries have since been otluTwise ('lassified, one of 
them being attributed to llgJII.’’ A few doublet terms 
arising from the d’’s configuration of the ion w(u*e also given 
by Paschen. Among these were the imjiortant metastable 
inverted doublet 1> t(‘rms due to the d‘’s" conHguration. The 
combinations with these terms were the basis for the further 
work of Maude who discovt'red a number of terms resulting 
from the d”sp and d’’sd states of Hgll. In the meanwhile 
the attention of the writer was drawn to this spectrum by 
the peculiarities noticed by Prof. B. Venkatc'sachar in the 
behaviour of certain Hg II lines in an arc discharge. At the 
kind suggestion of l^rof. Venkatesachar, this enquiry was 
undertaken with the object of explaining this iieculiar behaviour. 
His encouragement is also responsible for the continuation of 
the work after the original object had becui attained.^ 

While studying the influence of the density of vapour 
in the mercury arc on the relative intensity of radiated spectral 
lines, Venkatesachar found* that a few' spark lines increased 
in intensity when the vapour density was lowered, while other 
spark lines appearing in the arc decreased in intensity under 
these conditions. Two photographs were taken in juxta¬ 
position, and with the same time of exposure, one with the 
anode alone cooled and the other with the cathode also cooled 
by a jet of air. A comparison of these two photographs showed 
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that the spark line A 2262 was most conspicuously brightened 
on decreasing the vapour density by cooling with the air jet. 
In this respect it resembled the forbidden line 2270 (6^S^^— 
of Hg I. The spark lines 2053 and 2027 were also increased 
in intensity under the same conditions. When tlie region 
near the cathode was focussed on the slit of the spectrograph 
the lines 2262, 2053, 2027 and 1974 were all enhanced near 
the cathode, but differed from other spark lines in that they 
reached gi’eater heights from the cathode. 2262 was the most 
prominent line in this respect. Because of its greater length 
it was inferred that 2262 required less excitation energy than 
the other spark lines mentioned above. It was also found that 
2262, 2053 and 2027 were of the same intensity in both the 
hollow^ cathode discharge in pure mercury and in the presence 
of helium as recorded by Naud(^. Now Naude had classified 
2053 and 2027 as transitions from 5d‘‘6s6p‘o,^,^ and 
to the metastable 5d"6s“ level, while 2262 was left 
unclassified. The experimental facts detailed above pointed 
to the conclusions tliat 2262 must be a tjransition to 5d'‘6s“ “D, 
from a level deei^er than and The initial level 

was thus found to have the value 71575 and its other combina¬ 
tions were all favourable to its being identitiiMl as 5d”6s6p 
The spectrogram revealed also the fact that A 2339 was similar 
to 2262 and it was found from Naude s list that it was equally 
intense* in tlie hollow cathode discharge in pure mercury and 
in the presence of helium. It was accordingly classified as 
6d^T)S- 5d'’6s6p This classification is confirmed 

by a comparison with the arc spectrum of copper analysed 
by L. A. Sommer.^® 



Cu T. 

Diff. 

HgIT. 

Diff. 

6d«6s= 

51105.5 


115766 




2042.9 


16038 

5dW=D,„.. 

49062.0 


100728 


Sd^Gsep 2!),,,, 

]6135.4 


73032 




425.6 


1457 

6d'’6B6p ‘LK,,, 

15709.8 


71675 



The doublet difference 1457 when inserted in Land^’s doublet 
formula for penetrating orbits yields for the screening constant 
the value 4.49. This is a likely value in itself and it is further 
confirmed by the fact that the doublet difference between 
the “P terms of the same configuration found by Paschen gives 
4.09 as the value of the screening constant {Note :—These 
values have been calculated on the basis of more recent values 
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T> _2 y2. f72. 

of the constants appearing in Land4’s formula A v= 

^ ^ n*''1(1+1) 

The values given in Zs. /. Phyft,, 73, 414, 1931 were based upon 
old values of the constants). The frequency difference 1457 
appears between a number of pairs of lines of appreciable 
intensity so that the reality of the levels deduced from 221)2 
and 2339 may now be taken to be established. The large 
number of combinations with these levels and “1).,^) 

also favours this conclusion. 


By the recognition of the frequency difference 1457, a 
number of new terms were found ; particularly interesting 
were four terms denoted by T in the paper above referred to.*^ 
They were found to follow the Bitz formula ai)proximately 
when their values were all diminished by a constant amount. 
On the basis of the value of this constant and the combining 
proju^rties of the terms they were tentatively ascribed to the 
configurations 5d‘'()pnp, but considerations will be advanced 
in the present work leading to a mor(‘> certain allocation. But 
this does not in any way alt(‘r the values of the terms pniviously 
given. Accordingly, tlie list of previously classified lines will 
not b(* repealed here, but we will only refer to the previously 
published papers.''A few" remarks might, however, bo 
made about the accuracy with which calculated values of the 
Avave-numb(TS of transitions agree wdth observed wave-numbers. 

As remarked beffore, the results of Paschen and Naude 
were the basis on w"hich the new" investigations proceeded. 
The term values given by these authors have been used in 
deriving the values of the mwv terms. Now Paschen remarks 
in his paper that the w ave-lengths were nu^asured against the 
normals of ^tih‘8,'’^ but the accuracy of measurement was not 
large since only a one-metre grating and glass and quartz prism 
spectrographs were available. The measurements of >Iaud6 
also are of the same order of accuracy. Hence the term values 
given by Paschen and Naud(5 may be sometimes in error by 
one or two wave-numbers, so that calculated values of combina¬ 
tions may be in error by 3 to 4 wave-numbers. The errors 
of measurement in individual lines may also amount to one or 
tw'o wave-numbers ; in the case of weak or diffuse lines it may 
be more. It is also known that lines are shifted in the hollow 
cathode discharge by about 2 wave-numbers. It is a note¬ 
worthy fact that various observers^ who have taken the 
values of Stiles as standard yet obtain differences of the order 
of 0.5 a in a number of lines. This absence of agreement 
between different observers may be due to the width and 
complexity of the mercury lines which have a complicated 
hyperfine structure and large isotope displacements, so that 
what is taken as the centre of a line by different observers 
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is likely to differ with the character of the source used and 
other factors. Tt is remarkable that two observers like Stiles 
and Cardaun^- both of whom i?ive result s to 3 places of decimals 
agree to within 0.1 A in the case of arc lines, while in spark 
lines they differ by 0.2 to 0.5 a. (Sec i\g.^ p. 674, Kayser’s 
Handbuch der Spectroscopic, VII, 2.) On account of this 
difficulty, the calculated and observed values differ by one 
or two units and sometimes even four or six units, both in the 
analysis of Paschen and Naudt^. and in the ])resent work. 
McT.ennan, McLay and Crawford, using tin* same data, obtain 
a someAvhat better agiecmient by striking out some combina¬ 
tions and altering the term values to lit the rest bett(u*. But, 
considering the differences in the wave-lengths given by different 
observers who claim similar accuracy, it is somewhat arbitrary 
to follow such a procedun^ and hence ev(m combinations show¬ 
ing somewhat large deviations have been allowcMl to remain 
unexpunged in the present work. Tlu^re is, tluTcfore, the 
])ossibility that a few of the combinations may he spurious 
or accidental, but the reality of the terms is rendered indubit¬ 
able by the large number of more accurate combinations. 
Since tlie results of a large number of inv(\stigators have been 
utilised, nothing better is possible at present. The intensities 
of the lines are also not strictly to he compared since each 
observer has used a different scale and the conditions of the 
experiments are also different. Dc^jardin has also shown that 
the wave-hmgth of the same line differs in the arc and spark 
while the variation in relative intensity with different condi¬ 
tions of excitation is of course well known. 

DISPLACED SERIES. 

Continuing the inv('stigation deserib(Ml in the previous 
section an attempt was ma(l(‘ to explain a number of constant 
frequency differences noted by Dejardin and Kicard-’’ (Cotnptcs 
Uendvs, 190, 429, 1930) which were mostly unaccounted for 
by Naudd’s results. A number of terms had been found in 
this way and some of them could be assigned to electronic 
configurations. But there were others whose combining 
propeities and magnitudes were such that the corresponding 
electron configurations could not be determined. In the 
meanwhile the paper by McL(‘nnan, McLay and Crawford” 
came to hand. In this i)aper, the above authors had rejected 
a number of terms given by Paschen and Naude, slightly 
altered the values of some others and rearranged them ail 
into a scheme bas(‘d on the assumption of close j-j coupling. 
They had also given eleven new terms, of which three coincided 
with terms found by the author, one with a term given by 
Ricard, and another was based on only one combination. This 
last term was untenable since A 233d which was the only line 
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given by McLennan et al. as involving this term, had already 
been interpreted by the writer as 5d-’6s- 'H-,, - 5d‘^6sr>p 

Considering the number of accurate combinations given 
by Naud(^ and some others found in tliis work, the terms given 
by Naude and Paschen appeared to be real and there apy>eared 
no reason for rejecting them. But if they were retained those 
new terms found by McLennan and his co-workers which were 
ascribed to the r)d-’6sfip configuration could find no jdace there. 
The problem was, however, solved by the t(Tms which had 
been found by the author and whose combining properties as 
noted before had been such that their allocation to electron 
configurations was difficult. For, on comparing the values 
of these terms with a Bydberg table it was seen that they 
would follow a series formula if their values deduced from the 
combination jirinciple were reduced by certain constant amounts. 
In this way a number of displaced series having excited states 
of Hg ITT as limits were found. Careful search revealed a 
large number of nu^mbers in each series. Apart from the 
series of this tyjie tliat have been alr(‘ady published in Zs, /. 
Phys\, 78, 541, 1932, and arc not repeated here. Table I contains 
two new series, one of which includes the T-terms above referred 
to as following a displaced series formula. These series and 
their limits will be discussed later on. 

Table I. 


n 

Series. 1 

-1),,., Series. 

5/ U 

3 

69887 

71693 

4 

58087 

56012 

5 

49892 

48244 ? 

6 

45096 

44102 ? 

7 

42039 


8 

40017 


A 

33562 

? 

Terms of Ilg HI 


? 

as limit 




Some of the line series arising from combinations with each 
of these series of terms are set forth in the tables that follow. 
In each case the intensity as given by the original observer, 
the wave-length (corrected to I.A whenever the original data 
were on the Rowland scale), the corresponding wave-number, 
the wave-number calculated from the combination, and the 
name of the observer are given. Some intensity anomalies 
noticeable in these tables from one member to another of the 
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Table 
The ^P,,, 

5/2 


! 

n 

3 

4 

5 

6 

7 

1 

Terms. 

74239 

55978 

47352 

42361 

39290 

1 

*!)>:,'2 
116766 

(8) 2407.35 
41526.8 
41527 
Naud6 

(10) 1672.627 
59785.6 
59788 
Naudo 
Blend 

(3) 1461.4 
68427 
68414 
Carroll 

(0) 1362.4 
73400 

73405 

Carroll 

(1) 1307.9 
76459 
76476 
jCarroU 

*D^7I2 

18666 

(10) 1796.20 
55673.1 
55673 
Naud4 


(8) 3473.01 
28785.2 
28786 
Naude 

(10) 4200.76 
23798.5 
23796 
Naude 

(7) 4823.66 
20725.4 
20724 
Naud6 

14569 

(8) 1675.898 
69669.4 
69670 
Naud^ 

(8) 2414.13 
41410.3 
41409 
Naude 

(3) 3049.42 
32783.6 
32783 
Naudo 

(7) 3596.68 
27795.5 
27792 
Naude 

(3) 4044.10 
24720.4 
24721 
Naud6 

11146 

(0) 1584.8 
63100 

63093 

Carroll 

(1) 2229.86 
44831.9 
44832 
Naude 


.... 

(1) 3552.61 
28140.3 
28144 
Naud6 

3.,i 

16981 

(1) 1716.6 
58255 

68258 

Lyman 

(1) 2499.37 
39998.0 
39997 
D^jardin 

(3) 3186.85 
31369.9 
31371 
Naude 

(Ill) 3789.818 
26379.0 
26380 

Stiles 

(1) 4289.720 
23305.0 
23309 

Stiles 

A(J1w2) 

16014 



(2) 3090.98 
32342.8 
32338 
Paschen 

(1) 3656.25 
27342.7 
27347 

Eder & Val 

(1) 4117.319 
24280.8 
24276 

Stiles 

B(D3(,) 

29094 

(5) 2214.47 
46143.4 
46145 
D6jardin 
(Hglll) 

(1) 3717.85 
26889.6 
26884 

Eder & Val 

(3) 5475.0 
18259.8 
18268 
Naud6 

(3d) 7638.1 
13262 

13267 

Rasmussen 


nr,12 

4633 

(2) 1436.6 
60609 

69606 

Carroll 

(0) 1947.65 
51343.9 
61345 
Naude 


(0) 2649.80 
37727.5 
37728 
Dejardin 
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II. 

Sebif.8. 


8 

9 

10 

11 

12 

13 

37279 

35800 

34917 

34161 

33624 

33179 


(2) 1251.7 
79892 
79876 
Carroll 





(3) 5342.4 
18713 

18713 

Paschen 

Ulend 

f'alla on 
5770 

(0) 6114 

16351 

16351 

Paschen 


(4) 6638.7 
15059 

15058 

Rasmussen 


(12) 4402.06 
22710.3 
22710 
Naud6 

(1) 4688.92 
21320.9 
21321 

Eder & Val 

(2) 4912.82 
20349.2 
20348 

Eder & Val 

(5) 6102.42 
10593.1 
19602 
Naude 

1 

(2) 5371.42 
18611.9 
, 18610 
Nand6 Blend 

.... 

(3) 4040.40 
24743.1 
24744 
Naude 

(1) 4205 !546 
23771.4 
23771 

Stiles 

Falls on 
4343.64 

(12) 4454.33 
22473.8 
22478 
Naude 

(7) 4537.36 
22033.1 
22033 
Naud4 

.... 

(2) 5020.72 
19911.9 
19909 

Eder & Val 

i 

(3) 5279.13 
18937.3 
18936 

ICder k Val 

(1) 5499.8 
18177.4 
18180 
Naude 

(1) 5666.37 
17643.1 
17643 
Naiide 


(2) 4489.732 
22260.8 
22265 

Stiles 



(8) 5222.81 
19141.5 
19147 
Paschen 

Blend 

(2) 5371.42 
18011.9 
18010 
Naude 
Blend 

(3) 5503.8 
18164.2 
18105 
Naude 

(2) 3002.00 
32648.9 
32646 
Naude 


1 

(15) 3385.25 
29531.5 
29528 
Naud6 

1 Blend 

(2) 3448.745 
28987.8 
28991 

Stiles 

(2) 3502.10 
28546.2 
28546 
Naud6 
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Tables 
The *F,„ 


n 

3 


5 

6 

7 


74366 

56094 

48568 

43809 

40844 

116766 

(8) 2414.13 
41410.3 
41410 
Naud6 

(8) 1676.90 
69670 
59672 
Naude 

(2) 1488.3 
67191 
67198 
Carroll 

.... 

(1) 1334.6? 
74929 
74922 
Ctyroll 
(Carbon ?) 

18666 

(3) 1792.46 
55789.2 
65790 
Naude 

(1) 2663.79 
37529.3 
37528 
Naude 

(10) 3332.11 
:i0002.4 
30002 
Naude 
(Blend) 

(5) 3960.24 
25243.9 
25243 
Naud6 

(20) 4487.48 
22278.0 
22278 
Naude 
(Blend) 

14569 

(10) 1672.617 
59785.6 
59787 
Naude 

(8) 2407.35 
41.526.8 
41525 
Naude 

(3) 2940.50 
33997.9 
33999 
Naude 

(3) 3418.72 
29242.3 
29240 
Naude 

(20) 3804.77 
26275.3 
26275 
Naude 
(Blend) 

(McLennan) 

16981 

.... 

(5) 2492.09 
40114.9 
40113 
Pa.schen 

(5) 3067.75 
32587.7 
32587 
Ricard 

(1) 3593.05 
27823.6 
27828 

Eder & Val 

(2) 4020.86 
24863.4 
24863 

Eder & Val 

A(I),i2) 

15014 

(Paschen) 


(2) 2433.87 
41074.3 
41080 
Dejardin 


(4) 3471.555 
28797.3 
28795 
Stiles 

(1) 3870.15 
25831.5 
25830 

Eder & Val 

®5J2 

4633 

(Naud6) 

(0) 1434.2 
69725 
69723 
Carroll 

(Id) 1943.49 
51453.8 
51461 ? 
Dejardin 

(1) 2275.43 
43934.1 
43935 

Huff 

(1) 2551.67 
39178.3 
39176 
Dejardin 
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in. 

Series. 


s 

9 

10 

11 

12 

13 

38961 

37635 

1 

36695 

.36015 

3.5425 

.34979 

(1) 1302.1 
76799 

76805 

Carroll 

(0) 1279.7 
78143 
78131 
(Carroll 
(Blend) 

(1) 1264.7 
79071 
79071 
Carroll 

(1) 1254.0 
79745 

79751 

Carroll 

(1) 1244.7 
80341 

80341 

Carroll 

(0) 1237.7 
80797 
80787 
Carroll 

(1) 4901.98 
20394.2 
20395 

Kder & Val 

(1) 5242.63 
19069.1 
19069 

Edcr & Val 

(1) 5514.5 
18129.0 
18129 
Naude 

(2) 5729.22 
17449.5 
17449 
Naude 
(Blend) 


1 (.5) 6089.8 
! 16416 

16413 

Rasmussen 

1 

(1) 4098.467 
24392.5 
24392 

Stiles 

(2) 4333.21 
2;K)71.1 1 
23066 
Naude 
(Blend) 

(12) 4518.,59 
22124.6 
22126 
Naude 
(Blend) 

(1) 4661.635 
21445.7 
21446 

Stiles 


(1) 4898.78S 
20407.6 
; 20410 

1 Stiles 

! 


(1) 4616.32 
21656.2 
21654 

Eder & Val 

(8) 4825.62 
20716.9 
20714 
Naude 

(1) 4991.155 
20029.9 
20034 ! 

Stiles 

(1) 5141.33 
10444.8 
19444 

Plder k Val 

i 

(3) 4175.628 
23941.8 
23947 

Stiles 

.... 

(2) 4420.43 
22615.9 
22621 

Eder & Val 

(5) 4609.72 
21687.2 
21681 
Naude 
(Blend) 


(1) 4898.789 
20407.6 
20411 

Stiles 
(Blend) 

(2u) .5008.42 
19960.8 
19965 

Eder & Val 




Table IV. 


116 


T. S. SUBBAEAYA 




Table 


The Spark Spectrum of Mercury 


117 


m 




10 

i 

(2u) 4681.42 
21355.1 - 
21355 

Eder & Val 

(3) 4035.077 
24775.7 
24778 

1 Stiles 

(2d) 6425.1 
15564 
15564 

Rasmussen 

o 

36787 

1 

(1) 1266.1 
78983 

78979 

Carroll 

(1) 4499.63 

22217.8 
22218 

Eder & Val 

(1) 3898.761 

25641.9 
25641 

1 Stiles 

(5) 6089.8 
16416 

16427 

Rasmussen 

(Blend) 

00 

38160 

(1) 1288.3 

77622 
77606 
Carroll 

(5) 5102.42 

19593.1 
19594 
Naud6 

(5) 4237.49 
23592.8 
23591 
Naude 

(1) 3701.25 

27010.2 
27014 

Eder & Val 


42620 40036 

(0) 1320.4 

75734 
75730 
Carroll 

(7) 1647.4 

60702 
60692 
Carroll 
( Blend) 

(6) 4656.17 
21470.9 
21470 
Naude 

(10) 3925.65 
25466.2 
25467 
Naude 

(1) 3459.65 
28896.4 
28890 
Stark 

(3) 6029.9 

16584 

16585 
Rasmussen 

<0 

(1) 1367.2 
73142 

73146 

Carroll 

(2) 1720-7 
58116 

58108 

Lyman 

(7) 4156.68 
24050.9 
24054 

Naude 

(1) 3564.15 

28049.2 
28051 

Stark 

(5) 5216.39 

19165.0 
19169 
Naude 

(1) 4491.603 

22257.5 
22260 

Stiles 

U5 

47244 

(1) 1459.4 

68521 

68522 
Carroll 

(i) 1870.783 i 

53482 -1 
53484 1 

Naude 

(3) 3486.441 

28674.4 
28678 

Stiles 

(1) 2769.26 
36100.1 
36098 
Naude 

(10) 4200.76 

23798.5 
23793 
Naude 

(1) 3717.85 
26889.6 
26884 

Eder & Val 


55622 

(2) 1662.7 

60144 

60144 

Carroll 

(1) 2216.31 
45106.0 
45106 
Lejardin 

(2d) 2247.70 
44476.1 
44476 
Lejardin 

(5) 3107.05 

32175.5 
32171 
Ricard 

(1) 2835.448 

35257.4 
35262 

Stiles 

« 

1 71575 

(10) 2262.23 

44190.4 
44191 
Naude 

(1) 3428.36 

29160 
29153 
Stark 

(0) 1886.60 

53005.4 
53009 

Lejardin 

(5) 1654.7 

60434 
60429 
Lyman 

(0) 1952.6 

51216.4 
51215 

Lejardin 



2 

116766 

*I>^3,2 

100728 

18566 

14569 

*I>^3,2 

11146 

"*^5/2 

23451 

*I>*5/2 

20360 
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same series are partly explicable as due to differences in the 
scale and conditions of excitation used by different observers, 
partly by the inevitable differences in the sensitiveness of 
photographic plates in different spectral regions, but in part 
may be real as will be seen on comparing the intensities in 
the numerous series given by Paschen in the case of neon.'^^’'^'^ 
Such a comparison will leave no doubt as to the reality of the 
series. The nearness of the term values to one another explains 
why such full series should be excited. In a similar way 
complete series are excited in neon while hardly any series 
can be found in an element like iron. In view of the above 
results, the arrangement of terms by McLennan, etc., designed 
so as to show close j-j coupling loses much of its interest. It 
is true that the doublets and quartets intermingle and the 
interval rules are not strictly obeyed. Still the several intervals 
show a striking similarity to the corresponding ones in Cu I 
where Zeeman effect measurements have made it possible 
to assign L and S values to the terms. Accordingly, the nota¬ 
tion based on Kussell-Saunders coupling is retained in the 
present work. The coupling still approximates to Russell- 
Saunders type, particularly in the deeper terms. 


CALCULATION OF SERIES LIMITS. 


A few words may be said about the calculation of the 
series limits. These series follow approximately a modified 

4 Hi 

Ritz Formula of the type T=:=:A+,—- a - But the 

^ [n \ a i pi'n^Y 

formula does not lepresent the tc^rins closely enough for 
the limits to be accurately calculated. For this reason a some¬ 
what new procedure was adopted which was as follows : Having 
written down the values of all the terms of a series obtained 
by means of the combination principle, the differences of the 
consecutive pairs were next written down. The effective 
quantum number corresponding to each difference was found 
by Linear interpolation from a Rydberg table. The frac.tional 
part of each of these effective quantum numbers was then 
plotted against and a straight line Avas drawn to pass through 
the maximum number of points. The slope of this line gave j3 
and its intercept on the Y-axis gave a. The modified term 


values T* = 


4R 


-r . . n/ were then calculated, using these 

[n-\-a -\ p/n^y ’ 

mean values of a and/3, and hence a value for A=T—T* 
was obtained from each term of the series ; the mean of these 
values was taken as the most likely value of A. In some of 
the series the different values of A differed by less than i%, 
but in other cases there were differences of the order of 3%. 
Table VTT gives the several values of A thus obtained for each 
of the series. 
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Table VII. 


Series 

5/2 

'1>T,2 

n 

T 

rp* 

A 

T 

rpj|c 

A 

3 

74239 

43135 

31104 

67069 

43135 

23934 

4 

55978 

25487 

30491 

49354 

20926 

28428 

5 

47352 

16679 

30673 

42306 

13230 

29076 , 

6 

42361 

11719 

30642 

38714 

9327 

29387 

7 

39290 

8659 

30631 

36608 

7016 

29582 

8 

37279 

6674 

30605 

35158 

5480 

29678 

9 

35890 

5289 

30601 

34090 

4407 

29683 

10 

34917 

4294 

30623 

* • 

, . 

, , 

11 

341G1 

3556 

30605 

. • 

, , 

. , 

12 

33624 

2993 

30631 

, , 

, , 

, . 

13 

33179 

2558 

30621 

• • 

• • 

• • 


Mean A=30667 Mean A=r 29307 


Series 

T 

•*■ 5/2 

">-> 5,3 

n 

T 

1 

T* 

A 

! T 

1 

T* 

A 

3 

69887 

38733 

31154 

71575 

39348 

32227 

4 

58087 

24302 

33785 

55622 

23851 

31771 

5 

49892 

16258 

33634 

47244 

15805 

31439 

6 

45096 

11544 

33552 

42620 

11204 

31416 

7 

42039 

8589 

33450 

40036 

8361 

31685 

8 

40017 

6629 

33388 

38160 

6449 

31711 

9 

, , 

, , 

, , 

36787 

6141 

31646 

10 

• • 

• • 

• • 

36924 

4186 

31738 


Mean A=33562 


Mean A =31629 
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Series 

^1) 

^ 3/2 

^F 

7/2 

n j 

T 

T* 

1 ^ 

T 

rpj|t 

A 

3 

73032 

40064 

32968 

74356 

47497 

26859 

4 

57057 

24302 

32755 

56094 

25243 

30851 

5 

48683 

16171 

32512 

48568 

16047 

32521 

6 

43768 

11419 

32349 

43809 

11201 

32608 

7 

40677 

8491 

32186 

40844 

8282 

32562 

8 

38846 

6560 

32286 

38961 

6387 

32574 

9 

37620 

5209 

32411 

37635 

5075 

32560 

10 

36810 

4244 

32566 

36695 

4138 

32557 

11 

36120 

3518 

32602 

36015 

3432 

32583 

12 

, , 

, , 

, , 

35425 

2897 

32528 

13 

• • 

• • 

• • 

34979 

2478 

32501 


Mean A=32515 Mean A=32555 

DISCUSSION OF SERIES LIMITS. 

The long series thus obtained make it possible to institute 
a comparison with llund’s theory. This theory was applied 
in its original form'*° in Zs.f. Phys,^ 78, 541, 1932 but further 
consideration showed that the results were not in agreement 
with this theory. According to this earlier theory, all those 
terms of Hg II that are obtained by adding an electron to some 
particular term of Hg III must have the latter as their limit. 
Thus by adding a p-electron to the term of ITg III we get 
the terms ,, 

and hence all these terms sliouhl have -‘D j as limit. Similarly 
the terms resulting 

from the addition of a p-electron to'^the ion in the 

state must converge to Now since the doublet series 

of Paschen, which have been’used to obtain the absolute values 
of the terms, are built upon the state of Hg+^, the common 
limit of the doublet series from which the term values have 
been reckoned is the d^° term of Hg^'^. Any other series 
must follow the ordinary Kitz formula if the values of the 
terms are calculated from its own proper limit. Let us take 
the ^Pj .^2 and series as an example. Were the term 

values measured from the proper limits of these series, which, 
according to the older theory of Hund, should be and 

respectively, the series should obey the Ritz formula. 
But since the term values are obtained by the combination 
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principle, they are referred to as origin. Now the 

term values of the series have to be diminished by 30657 
and those of the series by 32554 in order that they may 
follow the Ivitz formula ; it follows therefore that the distance 
of tliese terms from their limits is less than their distance 
from d^" ^8^ by 30657 and 32554 respectively. In other 
words, according to Hund’s original theory •^D 3 and of 
Hg III must be deeper than d^" ^ by 30657 and 32554 cih."^ 
respectively. This requires that the term should be 

deeper than the '*1)^ term by about 2000 cm."’ But according 
to McLennan, McLay and Crawford’^ '‘Dg is deeper than 
by 3179 cm."’ This shows that in reality the s^rie^ 

has ^I)g as limit wliile the series converges to A 

similar inversion of series limits has been observed in Cu II 
and Ag II as also in Au IT. In order to explain the anomaly 
thus observed in Cii II'*’*’ and Ag IP"^^, llund revised his 
theory’’’ and showed that it was applicable in its original 
form only when the limiting terms were erect, i.c., if the term 
with smaller inner quantum numb(»r was the deeper. But 
when the limit term is inverted— i.c,, a term with larger inner 
quantum number is deeper—the calculation of series limits 
is to be made by a different method which is as follows : 
Consider all the terms of a given conliguration, which have 
a given inner quantum number and take all the terms of the 
ion from which these terms can be obtained by the addition 
of an electron. Then the deepest of the terms of the first set 
will have the deepest term of the second set as its limit and 
so on in order of magnitude. If from a term of the ion more 
than one term with a given j can arise, a corresponding number 
of series will have that term as limit. The application of these 
principles to the terms of the configuration 5d”6s6p can be 
carried out in the following manner :— 
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The above results are of course the same as those given by 
Hund in the diagrams appearing in his paper, but the details 
of the calculation are shown here because ITund has not given 
such details. It is to be remarked that these results have 
been obtained on the assumption that the terms are normal 
in the sense that terms of higher multiplicity are deeper and 
amongst terms of the same multiplicity those with larger Z-values 
are deeper. If we now compare the experimental results with 
theory we find that the limits of the and series 

are correctly predicted by the theory as ‘''D 3 and ; but 
the predictions regarding the and series 

are at variance witli the experimental results. This discre¬ 
pancy must be due to the fact that the “D terms arc erect an(l 
deeper than 4j) which is contrary to the assumptions made 
in deducing the theoretical results. 

We are now in a position to discuss the series represented 
by the terms previously designated by T. Since this follows 
a modified liitz formula with A .33150, it is clear that its 
limit is and hence it must arise from the addition of a 
series electron to the configuration 6 d^ 6 s of Hg III. Now 
since the terms T combine with those of the 5d‘^6s6p configura¬ 
tion and since they must be built upon .^d’^Os, they must belong 
to the configurations Sd^Osws or 5d'^6snd. The magnitude 
of the terms precludes the latter possibility ; thus they must 
belong to 5d^6sns configurations. Since by Pauli's principle 
Sd^^Bs- can only give rise to "D terms, while the terms T, having 
j = 5/2 and the limit 'T)^, can only be we expect the 

T-series to begin with the configuration 5d”0s7s. The term 
corresponding to this configuration must be of the same order 
of magnitude as the second member of a scries of which the 
term of the 5 d‘’Bs" configuration forms the first member. 
Since the deepest term of this scries previously found, viz,, 
5T did not satisfy this condition, further search was made and 
two more terms 3T and 4T were found, completing the series. 
The terms previously ascribed to the 5d”6s7s configuration 
appear to be higher members of series starting from 5d'^6s^ ^^r ./2 
and the probable intervening members have also been found. 
These new terms are given in the tables below. The above 

4T=58087. 


Int. 

A 

V 

Comb. 

V Calc. 

Observer 

3d 

7412.8 

13487 

=D,„2-4T 

13488 

Rasmussen. 

3 

6689.6 

14945 


14945 

Do. 


6146.2 

16266 

iF7,2-4T 

16269 

Do. 

8 

7396.5 

13518 

4T-2F„3 

13521 

Do. 
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considerations lead to the view that the term given as R* by 
Ricard'® belongs to the configuration 5d"6s7s and may be 


3T=69887. 


Int. 

A 

y 

Comb. 

y Calc. 

1 

Observer. 

2d 

6367.5 

15700 

3T- 

15699 

Rasmussen. 

8 

3948.29 

25320.3 


2.5321 

Naiide. 

3 

4687.44 

21792,6 

3T—*1).,,., 

21789 


7 

3596.68 

27795.5 

3T~^1>.„2 ! 

27796 


1 

3269.4 

30,577.9 

3T—3‘^P.i 

30.577 

L. & K. Bloch. (K.i?) 

1 

2154.72 

46395.1 

3T-42P.. V 

1 46402 

Dojardin. 

1 

1837.1 

54434 

3T--5n>r, 

.54436 

Lyman. 

3 

1927.58 

51878.5 

3T—5-P4 

51875 

Naude. 

4d 

7006.9 

14268 

3T-42D,,.. 

14265 

Rasmussen. 

3 

4415.23 

22642.5 

3T~52Dr,/., 

22643 

Kdcr &■ Valenta. 

1 

4689.1 

21320.1 

3T -5U^\,.r 

21319 

L. & K. Bloch. (K;^?] 


Ilg II. 

5d*6s78 = 71693. 


Int. 

A 

y 

Comb. 

y Calc. 

Observer 

5 

42,37.49 

23,592.8 


23.595 

Naude (Blond). 

1 

4700,33 

21269 

“ 1-1 1 1 «>- " I r., •> 

21271 

9 9 

2 

3772 

26,503.6 


26499 

L. & E. Bloch. 

1 

3400.4 

29.399.9 


29402 

9 9 

8 

3684.91 

27130.0 

■■‘Dr,,.- ^Frr. 

27127 

Naud«L 

3 

6220. :io 

16072.0 


16071 

Laffay. 

1 

4089.2.37 

24447.6 


24449 

Stiles. 


6 d'' 6 s 8 s 56012. 


Int. 

A 

y 

Comb. 

y Calc. 

Observer 

1 

6484.6 

18228 

3‘F3,3-2D,.,3 

18227 

L. & E. Bloch. 

2 

6450.15 

18343 


18344 

»» 

3 

9241.6 

10819 

21) ,_2p.. 

10818 

Rasmussen. 

2d 

6425.1 

15664 

32d;,;-2d;,3 

16563 

ft 


THE SPECTRUM OF DOUBLY IONISED MERCURY. 

The study of the series above discussed leads to the conclu¬ 
sion that in the spectrum of Hg III the d‘® term is higher 
than d’s ’D 3 by about 33000 cm.'* When a search was made 
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in the position so indicated it was found that d^® was 
33572 cm."^ above Its combinations are given below : 


Int. 

A 

V 

1 

Comb. 

V Calc. 

Observer 

6 

1994.72 

50132.3 

‘So-iPi 

50132 

D^jardin. 

0 

2369.89 

42183.1 

ISo-’Pl 

42184 

Carroll. 

1 

1665.3 

60050 


60054 


The intensities are to be compared with those of the correspond¬ 
ing combinations in Cu 


Comb. 

Int. 

A 

'So—‘Pi 

1 

1472.48 

■So-Pi 

2 

1368.00 

12 

.1358.84 


The lines 1994.72 and 2369.89 thus show ndative intensities 
similar to 1358.84 and 1472.48 and they are ascribed to Hg TIT 
by D^jardin. These facts support the classification given 
above. 

Since now we have found that the ground configuration in 
Hg III is not 5d^‘\ we are led to institute a comparison with 
similar spectra so as to find the deepest term. The spectra 
of M I and Pt I show a kindred relationship. Thus in M I*^ 
the d^s" configuration gives the deepest terms. The spectrum 
of PtI is also reported by SoinmerfehP^ and Joos^^ to have 
d'^s^ as the ground configuration. Probably these authors 
base their statements on those of Hund^"^ who takes as his 
authority the work of McLennan and McLay.^*^ But 
Livingood,^^ continuing the researches of Haussmann,^® shows 
that the ground configuration in PtI is 5d®6s. It was thought 
interesting therefore to find whether the term of the 5d‘^6B^ 
configuration given by McLennan and McLay was the deepest 
term of Hg III or whether there were deeper terms due to the 
configuration 5d*6s^. The constant frequency differences noted 
in Zs, /. Phys.j 78 , 553, 1932, have enabled the ^F, 
and terms of 6d^6s^ to be found and amongst these the 

term is deepest. The terms and their combinations are 
given in the tables. The following comparison with the 
spectra of Pt I and Ni I*® bears out the correctness of the 
allocation. Thus;— 
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PtI 

Nil 

Hglll 

3Tjl 

4 

824 

0 

-33388 

A 

9293 

1332 

6073 


a 0117 

1332 

-27315 

A 

5385 

884 ■ 

3050 

•’F, 

15502 

22 L6 

-24265 

‘d:. 

26639 


-26880 


6568 


-32980 

A 

11999 


5473 


18567 


-27507 

'So 

6140 ?) 


-34896 


It will be seen that the interval separations are similar in the 
three spectra. (Jomparing Pt I and Ill it is also seen 
that ^ 1)2 is the hi^^hest term in the configuration 5d^r>s'** and 
the terms lie amidst the terms. The term in Pt T 
is ascribed by Livingood to the 5d'” configuration on the ground 
that d'^s" has not been found with certainty in other spectra. 
But the above (jomjiarison shows that the ’S^ term given by 
Livingood most probably belongs to the Sd^'Gs- configuration. 


5d«6s2 ^F^ = —33388. 


Int. 

A 

V 

Comb. 

V Calc. 

Observer 

2 

1039.8 

96173 


96166 

Carroll. 

3 

921.4 

108531 

"F^—»F4 

108531 

tt 

0 

812.9 

123016 

“F^—»Fj 

123026 



6d''6s- ^F, = —27315. 


Int. 

A 

V 

Comb. 

V Calc. 

Observer 

5 

1110.1 

90082 

SF 3 —sFj 


Carroll. 

1 

976.2 

102438 

3 F 3 —’F 4 

102458 

>» 

3 

942.7 

106078 

SF3_3D3 


ff 

1(8) 

855.0 

116059 

»F,—iFs 

116952 

*> 










128 


T. S. SUBBABAYA 


Sd'Cs- "Pj = —24265. 


Int. 

1 ^ 

1 

1 

(/omb. 

V (’^alc. j 

1 

Observer 

7 

977.1 

102344 

3F2 —3^2 

102342 

Carroll. 

3 

1148.9 

87040 

3F.>—3F.^ 

87042 

»» 

1 

1177.0 

849C3 

3f:—31>2 

84962 

> > 

0 

1000.5 

99950 

3F..—3U.. 

99937 

»» 


5(1T)8- 'D.. - —26880. 


1 

Int. 

A 

V 

1 Comb. 

V Calc. 

Observer 

3 

904.2 

110595 

iD.,— 

110584 

Carroll. 

1 

974.2 

102648 

id“- 

102636 

»» 

0 

975.0 

102564 


102578 


1 (8) 

1115.5 

89646 ! 

u>:-3F3 

89657 

- 


5d“6s- =*P.. = - 32980. 


Int. 

A 

V 

Comb. 

V C’alc. 

Observer 

1 

919.7 

108731 


108736 

Carroll. 

2 

856.9 

116700 

3P.,—1 P, 

116684 

1 9 

1 

895.1 

111719 

3p:-.3I)^^ 

111730 



Sd^Os^ 'P, - - 27507. 



n 

V 

Comb. 

r Calc. 

Observer 

4 

899.1 1 

111222 

“Pt-'Pi 

111211 

Carroll. 

1 

968.4 

103263 


103263 

99 

1 

969.2 

103178 

•■•P,—:<D., 

103205 

99 


5d'*68- 'S„ = -34896. 



D 

V 

Comb. 

V Calc. 

Observer 

3 

843.2 

118696 

>So-’Pi 

118600 

Carroll. 

0 

903.7 j 

110666 

iS„-«P, 

110652 

t» 
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The fact that ^S^^ is the deepest term in Hg III is in agree¬ 
ment with the diamagnetic character of the Hg'*'^ ion. The 
diamagnetic ionic susceptibility can be calculated by Slater’s 
method'*^ taking into account the modification introduced by 
W. R. Angus.'*'* Now Angtis has calculated the diamagnetic 
susceptibility on the assumption that 5d^® ’S^, is the ground 
term in TTg III. The value he obtains is 47.57 xlO’*^. If 
the 5d'*b8- ^S„ is taken as theground state we obtain 54.88 x 10‘*^. 
It is not cjisy to distinguish between these two values as regards 
their corrc^ctness by comparison with experimental results, 
since the experimental and calculated valu(‘s do not show good 
agreement in any case. Thus we have :— 


Zn++ 
Cd^ + 


Calculated by 
W. Ti. Angus 

15.45 

38.94 

47.57 


Measured by 
Kiyoshi Kido'*® 

12.8 

20.3 

36.6 


The assumption of Angus that d^® is the ground state is correct 
in the case of Zn^'^ and Cd^"^ , and yet the difference between 
calculated and observed values increases largely from Zn'^^ 
to Cd^ + . But considering the ratio of calculated to observed 
values, we may expect the calculated value of Hg"'^'*’ to be 
about 1| times the experimental value ?‘.c., about 55x10"*^. 
This agrees well with the value deduced above. 

A similar calculation indicates that even in Au II d'^s" 


the deei)est 

term. Thus :— 



Calculated by 

Measured by 


W. R. Angus 

Kiyoshi Kido 

Cu+ 

19.26 

16.0 

Ag+ 

42.11 

26.2 

An+ 

58.38 

44.8 


Here also the assumption of ^S^ as the ground state is 
correct in the case of Cu^ and Ag'^. The ratio between 
observed and calculated values would lead to a calculated 
value of about 70 for Au+. If d'^s- is taken as the ground 
configuration we get 70.31 in agreement with this. On the 
other hand, R. A. Sawyer and Kenneth Thomson**" consider 
that A 1362.44^, 1224.65^ and 1166.represent the 

combinations of 5d^" with’P,, and respectively 
and hence deduce that d*" ’S^, in Au II is 15036 cm.‘^ deeper 
than d"s These lines however have not been observed 

by R. J. Lang®* who has investigated the same part of the 
spectrum. This would be explicable if the term belonged 
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to the d®s^ configuration, for as pointed out by Livingood the 
term of d^'s^ is difficult to locate because jis combinations 

are not easily obtained. Besides, if the \/L values of the 

It 

d^^ 'Sjj term in Pt I, Au II and Hg III are considered, we find 
that the corresponding Moseley diagram would become a 
broken line if it is assumed that d^® is deeper than d®s 
in Au II while it is higher than in Pt I and ITg III. It 
therefore seems better to assume that d'^s- represents the 
ground state of Au+ also. 

The consideration of\/ ^ values led to the investigation 

Tv 

of the absolute values of the terms in Hg HI. For this purpose 
second members of the and ’1) series were sought and 
found. The terms so discovered are given in the tables. 


Hg HI. 

.5d"7s •'H 3 -=114201. (.5dM)S =*D 3 = 0 .) 


Int. 

A 

1 

1 

Comb. 

V Calc. 

Observer 

2 

1944.48 

51428 


51424 

O^jardin. 

0 

2559,37 

39060 

6p3F4—7s»D, 

39058 

Bloch. 

1 

2767.50 

36123 

Op-'F.j— 

36124 

1 

2820.01 

35451 

(ip^D.,- -78'‘U3 

354.51 


0 

2590.896 

24564 

OpiFa—7 r5D3 

24564 

Stiles. 


5 d« 7 s •113=115572. 


1 

Int. 

A 

V 

Comb. 

V Calc. 

Observer 

1 

1 

1894.06 

52796.6 

6p”F.j~78’^D., 

52795 

Dcjardin. 

1 

2666. :10 

37494.0 

Op^F..—7.s'U)., 

37495 

n f 

0 

2510.79 

39816.1 

6p3p“—78U3.] 

39816 

f f 

1 

2507 

39876 

6p3Da— 78n)., 

39874 

Bloch. 


6d'’7s=‘D, =124697. 


Int. 

A 

V 

Comb. 

V Calc. 

Observer 

1 

2149.08 

46516.8 

6p.sF^_-7g3i)^ 


D6jardin. 

0 

2044.44 

48897.4 

Op^Dg—78^01 

48899 


1 

3227.84 1 

30971.5 

6p3Di—7 b»Di 


L. & £. Bloch. 

1 

2444.54 

40895.1 

6piPi—7s31)i 


Oejardin. 

1 

3042.0 

32863.6 

OpiDg—7fl3Di 

32861 

L. & £. Bloch. 
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5d»7s ^B2=127037. 


Int. 

A 

V 

Comb. 

V Calc. 

Observer 

1 

2835.95 

35:K)1 .0 

6p^D.>-78iD., 

35301 

Ricarti. 

3 

2673.19 

37397.4 

6piF3— 7sn)jj 

37400 

D6jardin. 

3 

1507.4 

66340 

OpH*.,- 7a’D^ 

66338 

Carroll. 

0 

1556.2 

64259 

6 p:‘f\—7sU)., 

64260 


1 

2992 

33412.7 

6pn), -781 o; 

33411 

Ij. & K. Bloch. 


It was found that the and -‘D, series converged to a common 
limit while the and 43, series converged to a different 
limit 8800 cm."^ higher. This is also in accordance with Hand’s 
modified theory.The term value of d'^s measured 
from its limit is 213772 so that the ionisation potential d^s-->d^ 
is 26.4 volts. This value is close to what is to be expected 
from Sommerfeld’s^'^*'^^ theory of higher ionisation potentials 
(Zs, /. Phys,, 78 , 283, 1932 and 80 , 415, 1933). As Sommer- 
feld himself observes*"’^ his theory correctly represents the 
variation of the ionisation potential with the atomic number, 
but the absolute magnitude is not correctly given. But the 
theory has greater validity the higher the stage of ionisation. 
The ratio between the ionisation potentials of Ag II and Ou II 
is 0.863 from experimental data while it is 0.912 from Bommer- 
feld’s theory. The ratio in the case of Od III and Zn III 
is 0.832 from observation and 0.897 from theory. The 
ionisation potential of ITg III calculated according to Sommer- 
feld’s theory from Cd 111=25.38 is 23.1 while if calculated 
from Zn 111=30.5 it is 24.9. The value found above, viz,, 
26.4 volts is to be decreased slightly since it has been obtained 
by the use of a Bydberg formula which gives too high a value 
for the limit. According to Kussell'^^'* the correction is 
4.5x10"^ X length of series per cent."-l% nearly. The 
variation of th(^ ionisation potential with Z in the case of Zn, 
Cd and Ilg will then be as follows:— 

Znl 9.35 Zn II 17.88 Zn III 30.5 volts. 

Cdl 8.95 Cd 11 16.83 Cd III 25.38 

Hgl 10.39 Hg II 18.67 Hg 111 26.1 

According to theory the ionisation potential should decrease 
as Z increases. Hence it will be seen that the theory gives a 
better representation as the stage of ionisation is advanced. 
This is also seen in the following :—(See Pauling and Goudsmit, 
Structure of Line Spectra, p. 168, 1930.) The potentials are 
given in terms of the energy of the 1st hydrogen orbit (viz,, 
13.53 volts). 
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B I 0.616 B II 1.787 B III 2.791 

A1 I 0.440 A1 II 1.342 A1 III 2.092 

Sc I 0.49 Sc II 0.948 Sc III 1.817 

The value thus found for the ionisation potential from d®s-»d” 
leads to an attempt to explain the critical potentials observed 
by Eldridge and Einsporn. The critical potential of 18 v. 
observed by Eldridge^^ either corresponds to the production 
of Hg^^ from ITg^ ions (=-"18.68 according to Paschen’s 
results) or it may also represent the excitation potential of 
A 3984 (d‘‘s- —d’^p according to Paschen) which--- 

10.39 + 7.48-17.87 volts. The other potential, viz., 57 volts 
may correspond to the ionisation potential of Hg^^ wl^ich 
is by the above—lO.39+18.68+26.1—4.1 — 51.1 volts, or 
more probably it represents the excitation potential of some 
Hg IV line. Einsporn"’*"‘ gets two critical potentials at 17 
and 42 volts respectively. If we assume that the first 
represents the ionisation potential of Hg’’" (the ionisation 
proceeding not from neutral Hg atoms but from singly ionised 
atoms which may be present in large numbers, i.e., a case 
of collision with excited or ionised atoms), the second surely 
corresponds to the production of Hg+^+ from Hg^^ ions. 
The value obtained from the above—18.68 + 26.1—4.1 ==-40.7 
volts nearly. The values obtained by Bleakney, however, 
differ from these results. He finds’'’*’"'^ the ionisation poten¬ 
tial of Hg**^*^ to be 71+2 volts. If his curves are carefully 
examined it will be seen that the curve for Ifg'’^'’' shows a 
change of curvature indicating the possibility of two ways 
of ionisation. Now Hg^"^ may get ionised according to 
the scheme d'^s-^-^d^s and the corresponding ionisation potential 
will be higher than that corresponding to d^s->d”. Thus in 
Ni F”, the latter type of ionisation requires 7.62 volts while 
the former requires 8.65 or 9.30 volts according as the final 
state in Ni IT is one of higher or lower multiplicity. Consequently 
one has to interpret Bleakney’s result by assuming the 
d^s^-^d^'s type of ionisation. But since his results do not 
agree witli those of Eldridge or Einsporn, one has to waiti 
for further experimental investigation before a final explana¬ 
tion of his results can be attempted. There is so much diversity 
among different observers, that even the explanation of the 
results of Einsporn and Eldridge attempted above is to be 
considered tentative only. Some other questions raised in 
this paper, viz., the diamagnetic susceptibilities of Hg++ and 
Au+, the ground term in Au'’* etc., also require further investi¬ 
gation before a final conclusion regarding them can be reached. 

In conclusion the author wishes to express his thanks to 
Prof. B. Venkatesachar for his kind encouragement and helpful 
criticism. 
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INTRODUCTION. 

Members of Alismacese have received very little atten¬ 
tion from the cytological view-point. The work of Dahlgren® 
Schaffner-"- and others is only of a morphological nature 
dealing with the development of embryo sacs and the embryos 
of many plants of this family. 

A preliminary investigation of young anthers and root 
tips of Limnophyton revealed the large size and the small 
number of the chromosomes whicli were found to be very 
favourable for their detailed study in the maturation and 
somatic divisions. In spite of the voluminous researches in this 
field, no definite conclusions have yet been established with 
regard to most of the critical phases in cytological studies. 


* Thesis approved in partial fulfllment of the requirements for 
the M.Sc. Degree Examination of the University of Mysore, 
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It is with a view to observe how far the present researches 
throw light on these miich-discnssed problems, this investiga¬ 
tion is undertaken. 

A study of the somatic chromosoiiK's deserves special 
attention not only due to the presence of satellites, but also 
in revealing the telopliasic and early prophasic transformations 
with extraordinary clarity. 

HISTORICAL REVIEW. 

The family Alismacea^, though a small one, has attracted 
the attention of morphologists since the time of Hofmeister^^ 
whose investigations were directed only towaids the general 
life-history of many plants of this family. 

llofmeister-'* lirst observed the pr(‘sence of a Suspensor- 
haustorium in Alisma plantago. Elfving-” found three-nucleate 
pollen grains and centrosoincs in the embryo sac at the. 
time of fertilisation. Ward"" studied the d(ivelopment of 
embryo sac in Untomna imihellatus where h(^ observed the T- 
shaped tetrad and a six-nueh»ate embryo sac. 8(diaffner‘‘^* 
worked out the dev<‘lopment of the embryo sac in Alisma plan- 
tago, lle-^ investigated th(‘ life-history of Sagittaria rariahilis, 
where he reported the ])resence of two-chambered embryo 
sac resulting after th(‘ lirst division of the primary endosperm 
nucleus. In Jjimnocharis nriarginata, Hair’* observed the 
presence of i)oly(‘mbryony through the division of the pro¬ 
embryo. Tischler-'* noted the formation of periplasmodium 
in some species of Alisrnacea'. Dahlgreii"’ made a compara¬ 
tive study of five genera of Alismaceie and found six-nucleate 
embryo sac in Alisma^ Elisma and Damasommn and only five- 
nucleate embryo sac in Kvhivodorus. Johri^^ studied lAmno- 
phyton ohtusljolium and noted the formation of six-, seven- or 
eight-nucleate embryo sac, tapetal periplasmodium, male 
cells or male nuclei in the pollen grain. 

From the foregoing resume it is clear that TAmnophyton 
has not been subjected to detailed investigation and the little 
w'ork that has been done is only carried out from a morpho¬ 
logical view-point. 

The critical study of somatic mitosis dates back to the 
work of Baranetzsky^^ whose researches began with various 
species of Tradeseantia. Since then, more important contri¬ 
butions are made by Kaufmann,^'" Sharp*^'’ and Iledayetullah.^- 
All these investigators have furnished evidence in support 
of the view that chromosomes have two distinct morpholo¬ 
gical constituents—an achromatic substance enclosing two 
or more chromonemata. 
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Chromosome constrictions were first noticed by Fraser 
and Sneir and then by a host of other observers such as New¬ 
ton,Taylor,’^ Sharpand Sakamura."*’ Taylorattached 
much importance to them in chromosom(‘ morphology. 
They are believed to be of systematic significance by 
!Newton.^^ 

The discovery of Satellites or Trabants was made by 
Nawashin^'' in Galtonia randieans, ITe found them on only 
one pair of chromosomes, which he designated as the ‘‘ Satel¬ 
lite chromosomes”. He also distinguislKHl between Leitkor- 
percheii ”, a small knob on each chromosome, beyond the 
spindh>s-libre constriction and the actual trabant. Nawashin"'' 
considered that trabant segments are comparable to the 
sex chromosomes of insects. Sorokin^" reported that the 
satellites were found in the resting nucleus attaehed to the 
nucleolus. Sh(‘ conclu(h‘d that during late prophases the 
nucleolus dividc's to form satellite ehromosomes. Sanjeni- 
nova“'' contradiet(Ml Sorokin and said that the nuch^olus 
merely lodges th(‘ satellite^ which is picked up by tlui chromo¬ 
some as it is formed. 

MATERIALS AND METHODS. 

Lhnnophyion obtusifolium is a rhizoinatous aquatic plant 
partly submerged, the leaves and flowers being a(‘rial. It is 
about two to four feet high with sagittate hnivcvs and a highly 
branched cymose scape. The flowers are polygamous with 
six free perianth lobes in two whorls, six stamens also in two 
whorls in th(‘ staminate flower and an additional apocarpous 
ovary of 15-20 carpels in the pistillate flower. 

The collections were made near Banneraghatta, a village 
12 miles off Bangalor(\ Buds of all sizes were collected on 
warm sunny days between 11 a.m. and 3-30 p.m. Of the 
various fixatives tried, Nawashin’s solution and l^ouin’s fluid 
gave good results. But for root tips Flemming’s weak solution 
was satisfactory. 

After the usual j)rocess of dehydration, clearing and 
imbedding, sections were cut at varying thicknesses from 8 to 
15 microns for flower buds and from fl to 8 microns for root 
tips. 

Haidenhein’s iron-alum llaematoxylin stain was used 
throughout the investigation and was found to be quite good. 
The quick process of staining was resorted to, which consists 
in mordanting the sections in 4 per cent, iron-alum for 2 hours, 
staining in 4 per cent Hsematoxylin for the same interval and 
differentiating in 1 per cent, iron-alum. 
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SOMATIC MITOSIS. 

Anaj)ha8e ,—It is convenient to begin with this phase as 
the chromosomes are clearly seen and the changes that take 
place could be well observed. At the inception of this phase, 
the chromosomes arch towards the poles, assuming long V- 
shapes and exhibiting a median constriction in each which serves 
as the point for the attachment of spindle-tibres and satellites. 
A i)air of satellites is found on every chromosome (Fig. 1). 

Jn the early anaphase, the bases of the V-shaped chromo¬ 
somes are pointing towards the poles. Gradually, as each 
chromosome travels towards the pole, it rotates through 180°, 
so that its apex points towards the pole. In each chromosome 
it is possible to make out faint achromatic spaces between the 
chromonemata. The spindle-fibres are hazy at this stage, 
but gradually become conspicuous as the chromosomes migrate 
to the poles. 

Telophase .—The chromosomes, on reaching the poles, 
are found to clump, owing to the continued shortening, thicken¬ 
ing and approximation. This is the “ Tassement Polairc 
of Gregoire.^- Kaufmann’’' and Overton^"’ regard it as a 
fixative artefact. Gradually, the chromosomes relax and 
separate, during which process inter-chrorhosomal connections 
appear. 

As the tclophasic transformations proceed, the achromatic 
substance becomes jialer and the chromonemata intertwine 
(Fig. 2). As a result of this, tlie spaces between the crossing 
points appear as vacuoles. Then the chromonemata separate 
and assume a chrornomeric appearance accompanied by 
the formation of chromatic bridgi^s connecting the adjoin¬ 
ing chromomeres (Fig. 3). As the chromonemata widen 
the spaces between them become transparent and appear 
like a split. Gradually, the nuclear membrane develops 
immediately followed by the origin of the nucleolus. The end of 
the telophase is marked by the formation of definito cell plates 
across the equator. 

Interphase and Resting phase .—The usual interphase 
(Lundegardh^") and resting phase exist, the chromosome 
outline still visible in tln^ former while complete transformations 
take place in the latter. 

Prophase. —CT)nceding that some of the nuclei are resting, 
while others are in interphase, the beginning of the prophase 
is marked by three distinct features, viz.^ (i) the breaking down 
of the inter-chromosomal anastomoses, (ii) the approximation 
of the chromatic threads, and (iii) the change in the shape of 
the nucleolus. 
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The chromosome thread shows the chromomeric structure 
which soon becomes chromonemic. These are then thrown 
into spirals (Fig. 5) which, after a time, straighten accompanied 
by condensation. As a result of this condensation and the 
fading of the achromatic substance, the thread becomes longi¬ 
tudinally split, forming the continuous spireme (Fig. (1). 

Transverse segmentation of the spireme takes placti with 
hazy indication of the origin of spindle fibres. Constrictions 
apx3ear in each segmented chromosome (Fig. 6) and tlie nucleolus 
disappears a little later. 

Metaphase .—Fully formed chromosomes anaiige them¬ 
selves on the Tuetaphasc plate showing distinct longitudinal 
division in each of them. This is accompanied by the bend¬ 
ing of the chromosome at which i3oint two satellites make their 
appearance. Thus it is clear that the identity of tlui satel¬ 
lites could be made out from early metaphase up to early telo¬ 
phase. 

The diploid number of 24 chromosomes has been deter¬ 
mined by counting them on early anaidiase plate (Fig. 7). 

ORGANOGENY. 

The primordium of the flower originates as a pa])illat(‘. 
protrusion a large number of such primordia being enclosed 
in the axil of a big bract. Very soon the diiferentiation 
of the floral parts is noticed. The first whorl to be developed 
is the calyx (Text-Fig. 1). The sepals make tlnur appearance 
as minute projections on either side of the floral primordium, 
{Subsequently, the stamens are dilTerentiated. They are in two 
whorls of three eacli, the inner whorl (Text-Fig. 2) develoiniig 
prior to the outer one (Text-Fig. 3). Then the petals are 
developed in between the sepals and stamens (Text-Fig. 4). 
Lastly, the gyn<ecium differentiates in the centre, only in 
the hermaphrodite flowers (Text-Fig. fi). 

MICROSPOROGENESIS AND MALE GAMETOPHYTE. 

Mierosporangiuvi .—The primordium of the anther very 
soon gets a rectangular appearance at the comers of which a 
group of multicellular archesporium is differentiated in the hypo- 
dermal region (Mg. 8). Presence of such multicellular arches- 
poria is reported in Hemerocallis majalis (Fullmer^) and 
Mentha aquativa (Warming’'). The archesporial cells arc 
prominent from the earliest stages by their conspicuous size, 
rich cytoplasmic contents and large nuclei. Very soon, the 
outer layer of the archesporium cuts off a parietal row of cells 
by a periclinal division. This layer by further division forms 
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Text Figs. 1-7. Showinj^ the origin of i]w floral parts in succession 
and nectariferous cells. 


1. Floral primordium with tw'O lateral projections representing sepals. 

(X200.) 

2. Older than above indicating anther primordia. ( X200.) 

3. Later stage showing in addition to the al)Ove outer whorl of stamens and 

petal primordia. (X200.) 

4 & 5. Same as above but advanced in growth. 

6 . Section of a hermaphrodite flower showing the late differentiation of the 

gynoecium. (X200.) 

7. Conspicuous nectariferous cells situated between the carpels and petals. 

(X400.) 

an endothecium, middle layer and a tapetuin (Fig. 9). The 
middle layer very soon degenerates. The tapetal cells are 
prominent from the time of their formation until the hetero¬ 
typic divisions set in. They are uni-micleate throughout. 
Their continuity is broken down when the homotypic divisions 
set in and they are found to be wandering in the locule amidst 
the pollen grains, gradually becoming disorganised (Fig. 10). 
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Archesporial mitosis ,—While differentiation is taking place 
in the parietal layers, the sporogenous cells divide a number 
of times forming the micTospore mother cells. A sporogenous 
cell in metaphase is represented in Fig. 12 (a). 

Resting Nucleus ,—After the mitotic divisions are over, the 
pollen mother cells pass through a long pc^riod of rest, during 
which interval they enlarge (Fig. 13). They are x><>ly^?onal 
in outline with a large nucleus practically tilling the entire cell. 
The chromatin is in the form of an irregular network, and the 
distribution of chromatin is uneven and shows much clumjung of 
the chromatic material wluTt'. th<‘ threads join or cross. Thi‘. 
number of nucleoli varies from 4 to 5, which may oi may not 
show any vacuoles or crystalline bodies at this stage. The 
pollen mother cells will have reached the maximum siz(^ before 
they enter upon the maturation prophase. 

Presynizetic Stages .—The ons(‘t of the prophase is marked 
by the dissolution of the inter-chromosomal bands so that some 
parallelisms between the threads become evident (Fig. 14). 
The thread which is continuous exhibits thick and thin portions 
(chromomeric aj)pearanc(‘). As the ])rophasc advances, the 
thr(»ads arc brought nearer to each other owing to the con¬ 
traction of the connecting bridges, resulting in a tliicker system 
of threads. By the time the zygotene threads are formed, 
the nucleoli will have been reduced to one—rarely two—the 
structure and appearance of which are variable depending upon 
the fixative used (Fig. 14). 

Synizesis .—The lirst indication of the synizesis is shown 
by the contraction and tearing away of the delicate chromatin 
threads, which shrink into a knot abutting on one side of the 
nuclear membrane. Tn certain pre])arat.ions, some highly 
stained granular bodies are found in the cytoplasm which are 
comparable to the chromiilia—like granules of Digby,'* the 
trophoplasmic granules of Mottier''' or the micro-nucleoli 
of Coulter.’^ Tn addition to these granules, some larger 
bluish spherical bodies are also found, either singly or aggregat¬ 
ed in clusters. Similar bodies are figured in Nephrodimn by 
Yamanouchi,-^ but he does not make any mention about 
them (Fig. 15). 

Hollow-spireme ,—The synizetic knot loosens up by the 
emergence of a number of loops of comparatively thick threads 
which may be seen twisting and winding about, but all the 
while single and continuous. The thread appears to be monili 
form and slightly double in the material fixed in Bouin’s (Fig. 16) 
but single and homogeneous in the tissues killed in other fluids. 

Pachytene .—The commencement of the pachytene is 
marked by the segmentation of the spireme accompanied by 
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the folding in of the segmented threads. The two arms when 
they fold may even twist about (Fig. 17). 

Diplotene. —The characteristic changes that take place 
during this stage are the thickening of the threads and the 
chiasma*formation. Sometimes the twisting arms are so long 
as to exhibit 7-8 interstitial chiasmata. The diplotene 
threads show a faint split here and there along the length of 
each arm in very few cases. This double nature is due to the 
appearance of the original pre-synizetic split (Farmer and 
Moore,^ Sarbadhikari^‘) and is not to be ascribed to 
the longitudinal division of the pachytene threads (Fig. 18). 

Second Contraction. —Some of the diplotene threads con¬ 
tract into a loose knot in the middle, while others are arranged 
in the form of a number of radiating loops around the central 
knot. The nucleolus is usually excluded from the knot. These 
loops are very significant in the formation of the bivalent 
chromosomes by a process of folding in, thus bringing 
alternately arranged paternal and maternal chromosomes into 
a side-by-side position (Fig. 19). 

Strepsinema. —As the second contraction loosens, the 
bivalent segments extricate themselves from the knot at the 
centre and contract further resulting in the Strepsinema 
condition ” (Fig. 20). 

Diakinesis. —On further condensation of the chromosomes, 
bivalents arc formed, they being accompanied by the separa¬ 
tion of the two univalents owing to the complete terminalisa- 
tion of the chiasmata. The gemini that are thus formed are 
double and towards late diakinesis they appear in the following 
forms:—X, Y, O and 11,—and are distributed all along the 
periphery of the nuclear membrane and are of variable 
lengths (Fig. 21). 

Spindle formation and Third Contraction. —Diakinesis is 
followed by the origin of the spindle fibres from a more or less 
transparent area surrounding the nuclear membrane. This 
is comparable to the perikaryoplasm of Lawson,^kinoplasmic 
area of Xothnagel,^” or perinuclear zone so common in many 
cases. As spindle fibres grow inwards, the nuclear mem¬ 
brane is disorganised accompanied by the crowding of the 
gemini towards the centre. This crowded condition of the 
extremely shortened gemini is known as the “ Third contrac¬ 
tion ” (NothnageF") (Fig. 22). 

Gradually, spindle fibres become abundant and appear 
to diverge from many points, so that the spindle is multi¬ 
polar at first (Fig. 22). Later on, it becomes tripolar and 
ultimately bipolar (Fig. 23). This change in the configuration 
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of the spindle is followed by the separation of the crowded 
gemini and their rearrangement on the metapliase plate. 

Heterotypic Division .—As the bivalents are arranged on 
the metaphase plate, the mode of spindle fibre attachment 
on them is clear (h'ig. 23). A polar view of the metaphase 
shows the bivalent number to be twelve (Fig. 24). Some of 
the bivalents exhibit the tetrad nature. 

By the contraction of the spindle fibres the univalents 
are separated during anaphase and migrate towards the poles. 
This separation is immediately followed by tlu^ origin of a split 
which becomes startlingly clear all of a sudden. This split 
is preparatory to the homotypie division to follow soon 
(Fig. 25). Instances of “ Lagging chromosomes are found 
(Fig. 26). Darlington^ and Fatcheside- are of opinion that 
the formation of lagging chromosomes is due to the incom¬ 
plete terminalisation of the chiasmata. 

The chromosomes reach the poles and the usual telophjisic 
transformations set in. A broad barrel-shaped phragmoplast 
is formed and a short interkinesis follows (Fig. 27). 

Homotypie Division .—^Very soon the spindle formation 
for the second division is organised in both the daughter nuclei 
(Fig. 28) resulting in a bilateral tetrad of microspores. Even at 
this stage the chromidia-like granules are found in the 
cytoplasm (Fig. 29). The tetrads separate, their angularities 
round off, accompanied by the differentiation of the wall into 
exine and intine, the former showing 4—5 germinal spots. 
The pollen grains li(5 free in the locule interspersed with the dis¬ 
organising phagocytic uni-nucleate, wandering tapetal cells 
(Fig. 10). 

Male Gametophyte .—The gametophytic divisions set in 
early. A polar view of the metapliase plate shows 12 chro¬ 
mosomes (haploid number) with a terminal satellite on each 
of them (Fig. 30). At the telophase, the phragmoplast is very 
broad with an evanescent cell plate. Two nuclei are thus 
formed, the larger constitutes the tube nucleus and the smaller 
a generative nucleus. The second gametophytic division 
quickly follows the lirst. 1 he spindle is narrow and elongated 
with no trace of a cell plate (Fig. 31). Two generative nuclei 
are formed, each being surrounded by a distinct hyaline cyto¬ 
plasmic sheath which imparts a cell-like appearance. The 
nucleus of each male cell is spherical in the beginning, but 
gradually becomes drawn out and spindle-shaped (Figs. 32 
and 11). The dehiscence of the anther is effected as usual by 
the action of the endothecium. Special stomium cells are 
not found. 
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MEGASPOROGENESIS AND FEMALE GAMETOPHYTE. 

The carpels, 15—20 in number, arise as protuberances 
all over the slightly convex receptacle. At the base 
of the flower between the carpels and petals are found conspi¬ 
cuous nectariferous cells with rich contents and ammboid 
nuclei (Text-Fig. 7). They become conspicuous just before the 
fully-developed embryo sac is formed and disorganise after 
pollination. 

After the nueellar primordium has developed from the 
placental tissue, the two integuments originate and grow over 
the iiuccllus in quick succession, the ovule, as a whole, assum¬ 
ing anatropous condition. Along with the diflenmtiation of 
the integuments, the differentiation of the uni-cellular arches- 
porium is visible in the hypodernial regions of the nucellus. It 
can be easily recognised by its large size, richness of cyto¬ 
plasmic contents and prominent nucleus. This hypodermal 
initial functions directly as the megaspore mother c(*ll without 
cutting oft* any parietal cells. 

The megaspore mother cell undergoes th(‘ usual meiotic 
divisions wdiich have been described in detail elsewdiere in connec¬ 
tion with microsporogenesis (Fig. 83). After the heterotypic 
division is over, two megaspores are formed of which 
the chalazal one develops (Fig. IM), The second mitotic divi¬ 
sion follows accompanied by the enlargenumt of the embryo 
sac in both directions. The micropylar end gradually dilates 
while the antipodal end tapers and bends towards the funi¬ 
culus. The nucleus at the chalazal end of the embryo sac is 
very much smaller when compared with the remaining three 
nuclei, thus already forecasting the ephemeral nature of the 
antipodals (Fig. 36). 

Third mitotic division takes place, the smaller nucleus 
lagging behind. Later on, that too divides and ultimately 
the 8-nucleate condition is reached (Fig. 37). 

The organisation of the embryo sac soon follows (Fig. 38a). 
The two synergids are the first to be differentiated. 
They are vacuolate at their broader basal end with a definite 
cell-membrane, while their apical part is accompanied by a 
“ Filiform Apparatus ” of Schacht. he conical apex 
of each synergid is traversed by a number of striations. 
Alternating with these striations are found longitudinal spaces 
and a somewhat hyaline area could be made out at the apex 
of each synergid during later stages (Fig. 38fe). These striations 
are considered to be minute canals through which proteid and 
glucose flow out and exert a chsemotropic stimulus on the 
pollen tube (Ishikawa^^). 
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The egg is large and is situated between the two syner- 
gids. The cytoplasm of the egg is slightly vacuolate and a 
delicate plasma membrane surrounds it without having any 
definite^ cell-wall. Sometimes the egg has a beak-like pro¬ 
jection pointing downwards (Fig. 46). 

The two polar nuclei migrate towards the centre of the 
embryo sac., wherc^ they approximate but do not fuse soon. 
It is always seen that the micropylar nucleus is larger than 
the antipodal one (Fig. 39). There is usually one—rarely 
t wo—antipodal nucleus persisting till the complete organisation 
of tlu'! embryo sac. 


FERTILISATION. 

Pollination is elTect(Hl by the agency of wind or insects. 
The tinn-i elapsing between pollination and fertilisation is very 
rapid as can be inferred from the quick growth of the pollen 
tube wliich was not possible to be tracicd. Similar instances 
have been re(*-orded in the allied genera, Sagittaria (Schaffner“M 
and Jjinmocharis (Hair'), where the estimated time is 
about S to 10 hours. 

As tlie pollen tube enters, the embryo sac through the 
mieropyle, it. disorganises one of the synergids while the other 
persists for a long time, until as late as 2 to 3-celled embryo 
forms. Gradually the tij) of the tube swells, curves inwards 
and approaeh(\s the egg. The contents are discharged which 
include two male nuclei, remnant of the tube nucleus and a 
certain amount of cytoplasm (Fig. 41). 

Syngaviy .—As soon as the male nucleus comes in con¬ 
tact with the egg, the niich^ar membranes of both break down 
and the (iontents resolve into reticulate structures, the karyo- 
tin of the male nucleus being more deeply stained than that 
of the egg. In this condition syngamy is effected (Fig. 42). 

Polar Fusion .—Polar fusion takes place a little prior to 
or later than syngamy, but always after the entry of the pollen 
tube into the embryo sac. Prior to fusion, the nuclear mem¬ 
branes of both the polar neclei disintegrate, the contents resolve 
into spiremes with one nucleolus in each and the fusion is 
brought about (Fig. 43). 

Triple Fusion .—This is a very slow process when compared 
to syngamy and usually takes place when the embryo is in a 
2-celled stage. The triple fusion is effected when the nuclear 
contents are in a spireme condition, the spireme of the fusion- 
nucleus being faintly stained, while that of the second male 
nucleus is more chromatic and slightly reticulate (Fig. 44). 



146 


S. K. Nabasimha Muethy 


ENDOSPERM. 

After triple fusion is over, the primary endosperm nucleus 
migrates towards the base of the embryo sac where it divides 
transversely. The wall extends on either side of the embryo 
sac completely, thus dividing it into a large micropylar chamber 
and a small antipodal one (Fig. 47). 

The nucleus of the smaller chamber divides usually once, 
sometimes one of them dividing again, thus forming 2 or 3 
nuclei (Fig. 51). They gradually enlarge as they absorb nutri¬ 
tion from the chalazal end, thus the lower chamber as a whole 
serving as an incipient haustorium. The nucleus of the micro¬ 
pylar chamber migrates again upwards where it undergoes a 
series of divisions. The resulting nuclei are shifted to the peri¬ 
pheral portions of the sac accompanied by wall-formation. 
No free nuclei are found excei)ting a few in the central region. 
As the embryo development proceeds, almost all the endo¬ 
sperm is used up except for a thin membranous portion in the 
periphery (Fig. 54). 

EMBRYOGENY. 

The embryo development is very precocious. The ferti¬ 
lised egg divides by a transverse wall without passing through 
any period of rest, which is rather unusual. The basal cell be¬ 
comes large and vescicular while the terminal cell divides again 
thus forming a pro-embryo of three cells.' The embryonal 
differentiation does not commence at this stage as is reported 
in Sagittaria (Schaffner-^) and allied genera, but two more 
divisions occur forming a pro-embryo of 5 cells (Fig. 49). The 
first longitudinal wall is then observed in the terminal cell, 
the plane of division being at right angles to the sagittal plane 
of the ovule. The next division in the terminal cell is also 
longitudinal, but at right angles to the original plane ; thus it 
forms a quadrant (Fig. 50). Similar divisions are set up in 
the x)enultimate cell of the pro-embryo, the wall-formations 
being identical with the last. The divisions gradually proceed 
towards tlie base of the embryo. So the embryo formation 
takes place in basi-petal succession. By further divisions, 
except in the basal cell, an embryonal mass is formed. 

Periclinal division starts from the side where the stem 
tip is to be differentiated and gradually proceeds towards the 
other side till the very base. This layer forms the derma- 
togen (Fig. 53). At this stage, a protrusion is visible on one 
side, marking the base of the cotyledon. Just below this is a 
notch where the lateral stem tip is differentiated later. 

A ripe embryo was observed by taking a free-hand sec¬ 
tion of the seed owing to the difficulty experienced in cutting 
through the sclerenchymatous integuments. In a mature 
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condition the embryo is bent like a horse-shoe and almost 
Ms the cavity of the seed except for a thin layer of endosperm 
surrounding it. It has a large massive terminal cotyledon 
occupying half of its bulk ; a lateral stem tip situated in a pouch 
at the bend. 

ABNORMALITIES. 

(i) Generative Nuclear Fragmentation. —One of the two 
male nuclei in the pollen tube is seen in a fragmenting condi¬ 
tion just after entry into the embryo sac and lying in proxi¬ 
mity with the egg (Eig. 40). 

(ii) Aberrant Triple Fusion. —In one case it is noticed 
that while the polar nuclei are migrating towards the centre 
of the embryo sac, a sperm nucleus is seen perching on each one 
of them. Correlating this with the equally rare case of genera¬ 
tive nuclear fragmentation, it is suggestive that each of the 
fragmented bits might fuse independently with the two polars 
(Fig. 45). 

(iii) In a third case, the pollen tube is seen to have en¬ 
tered the embryo sac and lying in the vicinity of the egg. The 
tip of the pollen tube appears to be broken, but the two sperm 
nuclei and much of the cytoplasmic contents are still in situ. 
In the centre of the embryo sac triple fusion is observed by 
the two notches that are visible on the nuclear complex. 
This evidently suggests that the triple fusion is being effected 
by an extra sperm nucleus (Fig. 46). 

A similar case is reported in Oenothera biennis by Ishikawa^® 
who observed one male nucleus fusing with the egg, the 
other still in the pollen tube and a third effecting triple fusion. 
He assigned the following two reasons for such an unusual 
phenomenon, viz. : —(i) entry of more than one pollen tube into 
the embryo sac, the fourth male nucleus not being traced, and 
(ii) the formation of three sperm nuclei in the pollen tube. 

DISCUSSION. 

Somatic Mitosis. —In a study of the somatic mitosis the 
nature of chromosomes during the various stages and the time 
of splitting up of the chromosomes are the controversial points. 
The present investigation shows the chromomeric condition 
to be characteristic of near-resting nucleus and the early stages 
of the prophase. Gradually, by the coalescence of the chromo- 
meres, a continuous chromonema is formed which characterises 
the chromosomes from late prophase up to early telophase. 
This view is also expressed by Kauffmann^® and Gates. 

The telophasic transformations take place by the forma¬ 
tion of inter-twining chromonemata and median vacuolisa- 
tion as is held by Hedayetullah^- and others. But the other 
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view of the Gregoirean school, which explains these changes 
to take place in an irregular alveolar manner, does not appear 
to hold good in the present case. 

Lateral anastomoses between the chromosomes in the early 
telophase have evoked much discussion. The school led by 
Farmer/ Gates, Sarbadhikarr^ and others explain them 
as a form of pseudopodial outgrowths from the chromosomes, 
while Gregoire,’- Sharp’**’ and others describe them as adher¬ 
ing portions of the chromosomes which were closely pressed 
together during ‘ Tassement polaire'. The latter view seems 
to be tenable in the present case. 

Eegarding the time of longitudinal splitting of the chromo¬ 
somes, different opinions are put forward. Kauffmann,’"* 
Newton,-^ Sharp'^’ and others observe that this division is 
initiated in the mid-prophase, while certain others like Digby,” 
Sarbadhikari-' and Gates^*’ defer it to late propliase just 
before the arrangement of the chromosomes on the metaphase 
plate. The present observations are in conformity with the 
former view. 

Satellites are regarded as mere chromatic swellings on the 
chromosomes which arc clearly visible during metaphase 
and anaphase in somatic mitosis and are masked during tcdo- 
phase and early prophase. Some authors (Smith-'*) are of 
opinion tliat during this obscurity, the satellites arc found to 
be attached to the nucleolus whicli is better seen in the meiotic. 
studies than in mitoses (Sorokin-"). But in the present 
investigation, the satellite's are not observed in meiotic studies, 
but in mitoses their origin is clearly seen at the middle yjor- 
tion of each chromosome during late x)rophase, as small swel¬ 
lings. Any connection between them and the nucleolus is not 
noticed. 

The presence of chromosome constrictions is a charac¬ 
teristic feature of meiotic as well as mitotic chromosomes of 
the i)lant under investigation. In somatic chromosomes they 
are found to be more conspicuoins than in meiosis. 

Nucleolus .—The structure and function of the nucleolus 
have evoktMi much (controversy from a long time. Since the 
time of Strasburger,^*’ an imjmrtant role is attributed to it 
of contributing to the formation of chromatin matecrial, achro¬ 
matic figure or otherwise. Wager’*’ and Latter’**’ observed 
the exchange of material between the chromatin and nucleolus. 
Darlington’ contradicts the presence of any connection 
between the nucleolus and the chromatin as being antago- 
^stic to the theory of chromosome individuality. 

In Limnophyton, the author has observed that the 
structure, inclusions such as vacuoles and crystals, staining 
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capacity of the nucleolus and its association mth the spireme 
thread are all variable in the extreme, depending upon the 
fixatives and therefore attaches a very insignificant r61e to the 
nucleolus. 

Periplasmodium formation, —This is a common feature of 
most of the monocotyledonous families such as Alismacese, 
Commelinaceje, Aroidea3 (Schurhoff'^”). 

The mode of periplasmodium formation in the present 
case is somewhat distinctive. In Lemna, CaldwelP observed 
periplasmodium which is somewhat analogous to the present 
case. Wandering tapetal cells have been reported in Arisama 
(Mottier^^). In Limnophyton the tapetal cells break down 
after the heterotypic division in the microspore mother cells, 
lose their cell-walls and are found as phagocytic uni-nucleate 
wandering cells. In the same plant, Johri^^ has reported the 
formation of a true periplasmodium. 

Male Cells. —The presence of male cells in the angio- 
spermous pollen grains is a much-debated question. They are said 
to be of common occurrence by Gager^*^, Welsford^*\ Ishikawa^^ 
and Finn\ In Limnophyton, the male cells are easily 
recognisable in fully developed pollen grains by their hyaline 
cytoplasmic sheaths, surrounding the vermiform nuclei, while 
tiie general cytoplasm of the pollen grains is somewhat denser. 
But Johri^^ reports the occurrence of male cells or male nuclei. 

Embryo Sac. —The formation of embryo sac in the Alis- 
maceae is a much-debated question. Most of the earlier autho¬ 
rities like Schaffner-^ and Cook~^‘* report a normal eight-nu¬ 
cleate embryo sac in Sagittaria and Alisma. More recent work 
of Dahlgren"’ who has investigated five genera of this family 
finds that six-nucleate embryo sac is common in most of them 
and that it is even five-nucleate in Echinodorus. Johri^^ has 
reported that the number of nuclei in the embryo sac of Limno¬ 
phyton is predominantly six, though seven or eight nuclei are 
sometimes seen. The present author finds, however, that a 
normal eight-nucleate embryo sac is formed in which one or 
two nuclei degenerate very soon, thus appearing as six- or seven- 
nucleate embryo sac. 

This case is very much analogous to the development 
of oogonium in Fucales. In Fueus, the oogonium initial by 
three successive divisions forms 8 nuclei where all of them 
develop into eggs. In Ascophyllum, only four of the eight 
nuclei organise into eggs, the remaining four degenerate. In 
PeUetia two eggs and in Himanthalia only one egg develops. 
What is applicable to the different genera of Fucales is possible 
in the case of Limnophyton. 

9 F 
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Fertilisation, —The time elapsing between pollination and 
fertilisation is highly variable. In Lilium (NothnageP^) 
and Limnocharis (Hall^^) the interval is estimated to be 
from 8 to 10 hours. The condition of the male and female 
nuclei at the time of fusion also differs in different cases. In 
JAlium philadelphicnm (Nothnagel*^) it is seen to take 
place in a spireme condition. It is also possible that the same 
species might show variation in the structure of the male and 
female nuclei at the time of fusion, as in Fritillaria (Coulter 
and Chamberlain^). In Limnophykm the whole process takes 
jdaee very rapidly probably in the course of 8—10 hours. At 
the time of syngamy the male and female nuclei lesolve into 
reticulate structures by the disorganisation of their plasma 
membrane, the reticulum of the male nucleus being more deeply 
stained than that of the egg. Syngamy takes place in this 
condition. 

Triple fusion is a much-delayed procc^ss. Even during 
this fusion, the chromaticity of the male nucleus is greater than 
that of the polar fusion nucleus, the fusion being effected in a 
spireme condition. Such a delayed triple fusion is recorded 
in Elodea (Wylie-^*). This aspect is of special interest and 
will form a separate paper to be published later. 

Endosperm, —The cndosx)erm formation in TAmnophyton 
is peculiar in that it sets apart a small chamber at the chalazal 
end for a different puri3ose while the ehdosx)erm formation 
takes place only in the micropylar chambt^j which is very 
large. This is a feature which it shares along with many 
other members of TTelobiales (Coulter and diamberlain^). The 
nucleus of the smaller chamber divides to form 2 or 3 nuclei and 
the chamber as a whole assumes a haustorial role. This haus- 
torium is of a simple type and is comx)arable to the ^ basal 
apparatus’ of Thismia (Pffeifter-^). In Xyrls indica (Schuroff-'^) 
a similar small chamber is formed containing 20—30 nuclei, 
which also serves as an inciiuent haustorium. 

Embryogeny. —The einbryogeny of Limnopliyton corresponds 
to Alisma type which is regarded to be the most primitive 
among the four types of raonocotyledonous embryos by Coulter 
and Chamberlain.’ Its main features are an undividing 
enlarged basal cell and a pro-embryo of 4 cells which differen¬ 
tiates in basi-petal succession having a large terminal cotyle¬ 
don and a lateral stem tip. 

SUMMARY. 

1. In a study of the somatic mitosis, early-anaphase 
chromosomes are seen to have a pair of satellites on each of 
them and exhibit chromatic and achromatic substances. During 
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early telophase, the polar clumping takes place after recovery 
from which the chromosomes exhibit chromomeric appearance 
which gradually becomes chromonemic as the resting stage is 
approached. 

2. At the onset of the next prophase, the chromomeric 
condition reappears and the splitting of the chromosomes takes 
place during mid-prophase. By this time, the two satellites 
appear at the bend of each chromosome. 

3. The cytology of the pollen mother cells shows the 
occurrence of second and third contraction stages and the 
presence of chromosome constrictions. 

4. The bivalent number of 12 chromosomes are counted 
on the metaphase plate. 

5. By successive honiotypic divisions, a bilateral tetrad 
of microspores is formed. 

6. Gametophytic divisions in the pollen grains set in 
while they are in the anther locule, each pollen grain contain¬ 
ing 3 nuclei. Of these, two are organised into spindle-shaped 
male cells. 

7. Wandering tapi'tal cells are found in the anther locule 
while gametophytic divisions are taking place. 

8. In megasporogenesis the hypodermal archesporium 
directly functions as the megaspore mother cell which 
divides to form a dyad of megaspores, of which the chalazal 
one developes. 

9. Three successive divisions in the latter result in the 
formation of a normal 8-nucleate embryo sac in which one or 
two of the antipodal nuclei may soon disorganise. 

10. After syngamy, the fertilised egg divides without 
any period of rest, very often before the formation of the pri¬ 
mary endosperm nucleus. 

11. The first division of the endosperm nucleus results 
in a two-chambered embryo sac, the smaller antipodal one 
assuming a haustorial rCle, while the upper larger one contains 
the embryo. 

12. The mature embryo which belongs to Alisma type 
is bent like a horse-shoe with a terminal cotyledon and a lateral 
stem tip with practically no endosperm around. 

Tn conclusion, 1 wish to express my deep sense of grati¬ 
tude to Dr. M. A. Sampathkumaran, M.A., Ph.D., under whose 
able direction the investigation was carried out. 
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EXPLANATION OF FIGURES. 

All the figures (except Fig. No. 54) were drawp with 

the aid of an Abbe Camera Lucida. Since different optical 

combinations were used, the magnilication is given against 

each figure. 

Pig. 1. Early Anaphase showing V-shaped chromosomes 
migrating to poles. Two satellites are observed 
at the bend of each chromosome. ( x2700.) 

Fig. 2. Early Telophase showing intertwining chromoncmata 
and lateral anastomoses between the chromosomes. 

(X1800.) 

Fig. 3. Late Telophase showing chromomeric structure of 
the chromonemata. (xl800.) 

Fig. 4. Interphase. (xl800.) 

Fig. 5. Mid-prophase showing gradual straightening of the 
spirally coiled chromonemata. (xl800.) 

Fig. b. Late prophase showing segmented spireme. ( xl800.) 

Fig. 7. Polar view of metaphase plate showing the diploid 
number of 24 chromosomes. 
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Pig. 8. Section of an young anther with hypoderrnal multi¬ 
cellular archesporium. (x400.) 

Pig. 9. Pour-layered wall of the anther locule (outer 
exotheciiim, next endotheciiim, middle layer and 
tapetum) and microspore mother cells. (x400.) 

Pig. 10. Three-nucleate pollen grains interspersed with 
wandering tapetal cells. ( x4()0.) 

Pig. 11. Eipe pollen grain with two male cells and one tube 
nucleus in each. ( x400.) 

Pig. 12. An archesporial cell of the anther in metaphase. 
(X1800.) 

Pig. 12a. One chromosome from above magnitit^d showing two 
. satellites. (xl800.) 

Pig. 13. Resting microspore mother cell. ( xlSOO.) 

Pig. 14. Tangential section of a rnicirospore mother cell in 
Zygotene stage showing parallelisms. ( xl800.) 

Pig. 15. Pollen mother cell in Synizesis ; presence of granular 
and spherical bodies in cytoplasm. ( xl800.) 

Pig. 1G. Pollen mother cell in open spireme. ( xl8()0.) 

Fig. 17. Pachytene stage; segmented spireme looping in. 

(X1800.) 

Pig. 18. Late Diplotene; interstitial chiasmata are visible. 
(Xl80().) 

Pig. 19. Hecond Contraction; vacuoles observed in the 
nucleolus. (xl800.) 

Pig. 20. Early Strepsinema. ( xl800.) 

Pig. 21. Diakinesis ; (Tcmini of variable lengtlis and disposi¬ 
tion. (X1800.) 

Pig. 22. Third Contraction stage and multipolar spindle. 

(X1800.) 

Pig. 23. Heterotypic metaphase. ( x 1800.) 

Pig. 24. Twelve Bivalents (haploid number) counted from 
the polar view of the metaphase. ( xl800.) 

Pig. 25. Heterotypic anaphase. ( xl800.) 

Pig. 20. Late Anaphase with one lagging chromosome 
stretched along the spindle. (xl800.) 

Pig. 27. Late Telophase with broad phragnioplast in the 
centre. (xl800.) 

Pig. 28. Homotypic metaphase in tlie daughter nuclei. 
(X1200.) 
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Fig. 29. Bilateral tetrad of niicrospores still enclosed in the 
mother cell wall; chromidia-like grannies visible 
in the cytoplasm. (xl200.) 

Fig. 30. First gametophytic division in the pollen grain; 

polar view of the metaphase plate showing the 
haploid number of 12 chromosomes each bearing 
a satellite. ( xl20().) 

Fig. 31. Second gametophytic division; early te]ophas(\ 
(X1200.) 

Fig. 32. Three-nucleate pollen grain with one tub(^ nucleus 
and two male cells. ( xl2()0.) 

Fig. 33. Megaspore mother cell in lhakinesjs. ( x90().) ' 

Fig. 34. A dyad of nn^gaspores of which the micropylar 
disintegrating and the chalazal oik^ in late telo¬ 
phase (homotypic). (x900.) 

Fig. 35. Two-nucleate embryo sac. (x900.) 

Fig. 36. Four-nucleate embryo sac in which one of the chalazal 
nuclei is smaller. ( x900.) 

Fig. 37. Eight-nucleate embryo sac before organisation. 
(X900.) 

Fig. 38. Organised embryo sac with egg apparatus, two 
polar nuclei and one persisting antipodal nucleus 
(the other two already disorganised). ( x9()0.) 

Fig. 38a. The synergids magnilied each showing the filiform 
apparatus at the pointed end, nucleus and cyto¬ 
plasm in the middle and a large vacuole at the 
broader end. (xl200.) 

Fig. 39. Embryo sac showing the pollen tube in the vicinity 
of the egg ; the polar nuclei approximated. ( x900.) 

Fig. 40. Generative nuclear fragmentation in the pollen tube. 
(X900.) 

Pig. 41. The contents of the pollen tube being discharged 
(on the extreme left). ( xl200.) 

Fig. 42. Syngamy, the karyotin of the male nucleus being 
more chromatic than that of the egg. ( xl200.'l 

Fig. 43. Polar fusion in a spireme condition. ( xl200.) 

Fig. 44. Triple fusion. (xl200.) 

Fig. 45. Abnormal triple fusion; two male nuclei are seen, 
each in contact with a polar nucleus. ( x900.) 

Fig. 46. Another abnormal triple fusion ; two male nuclei 
in the pollen tube, and a third one fusing with 
the primary fusion nucleus. (xl200.) 



Studies in Limnophyton obtusifolium 


157 


Fig. 47. 
Fig. 48. 
Fig. 49. 
Fig. 50. 
Fig. 51. 
Fig. 52. 
Fig. 55. 


Fig. 54. 


Two-chambered embryo sac with a hi^ micro pylar 
chamber and a small antipodal one. ( x9()().) 

Two-celled embryo ; two endosperm nnclei found 
in the micro pylar chamber. ( x240.) 

Four-celled pro-embryo, the basal c(41 b(‘in;s: lar^^e and 
vescicular. ( x8o6.) 

Quadrant sta^je in the terminal rt»j;‘ion of the embryo¬ 
nal mass. (x900.j 

The smaller antipodal chambei with two larict* nuchu 
(haustorial in function). ( x900.) 

Fmbryonal mass enlarged bv furtluu* division in all 
the cells. (x900.) 

Formation of dermatogen by the periclinal division ; 
the projecting tissue on th(» right marks th(‘ base 
of the cotyledon. In tlie depression below the 
lateral stem tip is to be formed later. ( x900.) 

A free-hand section of the mature seed showing a 
fully developed embryo with a massive terminal 
cotyledon and the lateral stem tip contained in the 
pouch at the bend. ( x25 approx.) 
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A NOTE ON FIRST INTEGRALS. 

By C. N. Srinivasiengak, D.Sc. 
(Department of Mathematics, Central College, Bangalore.) 


For an ordinary differential equation of the second order 
F (x,y,y',y") — 0, the following facts are well known; — viz., (1 ) 
If we know two independent first integrals, the complete 
primitive is obtained by eliminating y' between them. (2) 
If we know one first integral, the primitive can be obtained 
by solving this differential equation of the first order. I 
desire to draw attention to a paper in Crelle's Journal, Bd. 
118, pp. 158-162 by Alf Guldberg, in the course of which is 
mentioned the following peculiar mode of obtaining the com¬ 
plete primitive from a (properly chosen) first integral. For 
the equation .r vy"-bAT v'-—yy'= 0, 

provides a first integral. The elimination of y' between 
V (x, y, y', a) -- 0 and.V (.r,y,y', b) - 0 gives the complete primi¬ 
tive y-= (a 4-6) X- I ab, w^hicli can be written y-’ — C\ i-co. 
It thus appears that the primitive is obtained from a single 
first integral without any quadrature. 


It can be easily verified by exanij)les that this method 
is not in general successful. If w'e take any first integral 

V (x,y,y',a) =0of any differential equation F{A:,y,y',y") = 0, 
the elimination of y' between V (.r, y, y', rt) = 0 and 

V (x,y,y', b) = 0 leads in general either to the relation a—b or 
to an equation which does not satisfy F-=0. What then 
are the peculiar characteristics of the first integral given by 
Guldberg ? Can such a first integral be always found ? 


The essential fact is that in Guldberg’s example, the two 
roots for a of the equation V (x, y, y', a) —0 correspond to two 
independent first integrals.* In other w'ords, V (x, y, y', a) — 0 
may be taken as the rationalised form of one first integral, 


* I am obliged to Dr. B. Vaidyanathaswamy for this idea. 
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and V {x,y,y', b) — () as the rationalised form of a second 
first integral. 

This does not hold good in the general case 

a'^h— 2aM -I- N= 0, where L, M, N are functions (not necessarily 

algebraic rational) of x,y,y'. I^et the two roots of a be 

a“ A {x, y, y') ; a=/i {x, y, y'). Then the values of y” given by 

iu 4.‘ 6A . ,8A. ,8A , 8u , , 8u , , 8u. . 

theeciaationsj^+Sj^+S =0ami 

must satisfy the differential equation of the second order 
derived from ^ N ^ 0. These values will in general be 

different. The two values of a correspond to the first integrals 
of two different equations given as branches of y" of 

F {Xy y, y\ y") — 0. In case F happens to give only one branch 
fory", the equation a2Iv- 2f?M-f-N—0 furnishes a “ Guldberg 
first integral*' provided that A and /i are functionally inde¬ 
pendent. 

I^et i^(Xyy,y')=^Ci; v {x, y,y ')~^2 be a pair of independent 
first integrals of any equation V (a:, y, y', y") = 0. u and v 
are not necessarily algebraic or rational. The necessary and 
sufficient conditions that 

V (Xy y, y', a) {Xy y, y') - 2aM y, y') + N (.r, y, y') = 0 
may be a Guldberg first integral may be stated as follows:— 

(i) V is a function of w and r, but not a function of u 
alone or of v alone. 

(ii) Y or VW should not be expressible as a function of 
any function of u and v, which is free from the constant a 
(where \V is a function of Xy y, y' free from a ); for instance, 
if Y^:U-- 2at{v + 2y V is a function of nv. In such a case, A 
and fi are not independent and the two roots of a give only 
one independent first integral. 

The condition that V should not be a perfect square is 
included in (ii). It is assumed that L, M, N do not admit of a 
common factor. 

When V satisfies these conditions, the two roots for a, 
viz.y A {Xy y, y') and fx {Xy y, y') are given as functions of u and v. 
A {Xy y, y') = constant and /x {x, y, y') ™ constant may 
therefore be regarded as a pair of independent first integrals 
of the given equation. The elimination of y* between 
A {x, y, y') = a and /tx {Xy y, y') = ft is equivalent to the elimina¬ 
tion of y between V {x, y, y\ «) = 0 and V {x, y, y\ ft) = 0. 
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This explains the theory uiiderfying the Giildberg first 
integral. 

It is now clear that for any equation V {x, y, y', y") — 0 
we can construct a Guldberg first integral in an infinite 
number of ways by the help of a pair of independent first 
integrals u = Ci, v ^ C k Thus a- — au + v 0, a- - a [ii + v) 

2 (w- + V-) ~ 3, a- — au- + = uv, etc. 

It is possible to obtain Guldberg integrals starting from 
the complete primitive/ {x, y, Cj, c *) — 0 by transforming the 
parameters Ci and Co into suitable symmetric [mictions of two 
parameters a and b. Thus Guldberg uses for his example 
y2 — c\ X- + C 2 . the substitutions Ci^ a H • b, c^ ab. The first 
integral derived after .such a substitution is, however, not 
always necessarily a (quadratic function of the parameter. 

Generalisations for differential equations of higher orders 
are easily made. Thus for an e(iuation of the third order, a 
Guldberg first integral must be of the formc^ {c, Ui, n-y, ««)=■- 0 
where involves c in the third (or higher) degree, and 
{x, y, y', y") — constant, (r — 1, 2, 3) are three independent 
first integrals. 

From the practical point of vie\^^ for solving a given 
differential e([uation, the (Guldberg integral is of little use, 
since it is very unlikely tliat by any process we can arrive at 
a Guldberg integral without the help of the ordinary first 
integrals or of the complete primitive. But the existence and 
the property of this peculiar type of first integral deserve 
notice. 

Example:—For the equationy" \^-\-xy) + 2y' (y~ Ay'') = 0, 
verify that c- (y - xy') — c (y- -\~ y') + (1 + x-y) = 0 provides 
a first integral, and that the complete primitive can be 
obtained without further integration. 
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INTRODUCTION. 

The reptilian alimentary canal has been the subject of 
study by a number of investigators and attempts have been 
made to cotTclate the general morphology with the functional 
activity of the different regions of the digestive tract. Though 
the histology of the reptilian alimentary canal has been studied 
at length, an attempt to correlate the histological details with 
the diet of the animal has not, so far as is known to me, been 
made. The present paper .sets forth the results of my investi¬ 
gations on the Digestive Tract of Emyda vittata (Kelaart) under¬ 
taken with a view to offer a satisfactory explanation for the 
persistence of certain primitive features in the gut of this animal. 
An attempt is also made to correlate these features with the 
diet of the reptile. 

This work was undertaken at the suggestion of Professor 
C. R. Narayana Kao and I must acknowledge my debt of grati¬ 
tude for his very valuable suggestions and guidance in the 
course of this work. 1 must also hasten to express my thanks 
to Dr. A. Subba Kao of the University Medical College, Mysore, 


* Tfiesis approved in partial fiilfliment of the requirements for 
the M.Sc. degree examination of the University of Mysore. 
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for his very generous help both as regards material and litera¬ 
ture. I have also received considerable help from the autho¬ 
rities of the Indian Museum, Calcutta, and Professor 11. Gopala 
Iyer and Dr. S. G. M. Kamanujam of the Madras Presidency 
College, to all of whom 1 wish to express my gratitude. 

A preliminary note on the subject was communicated to 
the Indian Science Congress at its Bangaloie Session in 1931. 

LITERATURE AND PREVIOUS WORK. 

In reviewing the literature on the morphology and physio¬ 
logy of the reptilian alimentary tract, one linds a want of 
unanimity of o] inion regarding both tlie struc.ture and function 
of the different regions of the alimentary canal. Workers 
from very early days have investigated the subject but did not 
possess the advantages, available to their successors, of modern 
technique and methods of investigation. In their approach 
to the subject they emphasised the evolutionary or the phylo¬ 
genetic aspect more than that bearing on comparative histo¬ 
logy or physiology. 

The correspondence between the diet of the animal and the 
development of the diffeient parts of the intestine is a well- 
known fact. The development of the ciccum in the horses 
is correlated with the animal’s diet chiefly consisting of matter 
rich in cellulose. The food glasses in this animal rapidly 
through the stomach and the intestine and retained in the 
cjncum where digestion and absorption take place. Tull- 
berg'® in his i)apers on the Rodents has expressed that diges¬ 
tion and absorption of cellulose take place in the caecum and 
the colon. The digestion of this kind of food is dependent 
not only on the length and width of the intestinal tract but on 
the slowness with which the food passes through these parts 
of the intestine. In fact animals develop structural adap¬ 
tations for the purpose of retaining or retarding the passage 
of food. 

Among the earliest investigators on the reptilian digestive 
tract Einar lionneberg' studied the gross morphological struc¬ 
ture of the intestine of the different groups of reptiles. He 
has considered the general shape, arrangement and length 
of the intestinal canal and especially the development of the 
caecum in the lizards belonging to the different families. The 
development of the caecum depends entirely on the manner 
of the entry of the small intestine into the large intestine and 
a caecum in varying degrees of development is present in some 
and entirely absent from others. Tullberg^'' believes that a 
reduction of the cacum is the result of a diet consisting of 
such substances as amylum, fat and protein, the digestion of 
which niay take place in the small intestine without the help 
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of the capcum. Vegetable food may, just as well as a carni¬ 
vorous diet, lead to the loss of the cjecum. The origin of the 
ceecuin is to be found in the distinction between the small 
and the large intestine, a feature which manifests itself by 
the development of the sphincter and tlie valve. 

The differentiation of the stomach into different regions 
based on structure and function, also depends on the nature 
of the diet. The reptiles present different degrees of develop¬ 
ment of the pyloric tract—a region intercalated between the 
pyloric orifice and the more muscular portion of the stomach. 

The length and width of the intestinal region are greatly 
influenced by the diet of the animals. The effect of the Vege¬ 
tative diet on the intestinal canal is most (conspicuous within 
the group of herbivorous iguanas, in which the small intestine 
is twice or thrice as long as it is in the insectivorous iguanas. 
The longitudinal plications of the intestine in the lizards, 
according to Lonneberg,' allow a considerable increase in the 
dilatory powers and this is more pronounced in animals lacking 
the powers of mastication and the breaking powers of the 
stomach. The diet of the animals has considerable influence 
on the developnumt of the diffenmt parts of the intestine and 
the researches of Lonneberg" show that reptiles develop 
remarkable adaptations to their diet. 

Concerning the histology and physiology of the reptilian 
alimentary tract, there is, as in the case of morphology, con¬ 
siderable divergence of opinion both as n^gards the structure 
of the glands an(i the functions of the component cells. Partsch’^ 
describes in lizards and snakes cylindrical cells lining the 
stomach while finely granular ccdls line the tubular glands. 
The transitional rc^gions between the neck and body of the 
gastric glands are lined by mucous cells. Langley“ described 
oxyntic cells in the fundic glands of Coluber natrix. The neck 
and foveola* of these glands, the pyloric glands and the super¬ 
ficial layer of the stomach are lined by mucous cells. OppeP*® 
described in the alligator mucous cells from the gastric 
epithelium and fovcote. The neck region of the glands is 
lined by flat cells while the fundic part is lined by polyhedral 
cells. He further described in the crocodiles two types of 
gastric glands,—(1) the gastric juice glands composed of poly¬ 
hedral cells with granular protoplasm making up the major 
portion of the glands, and (2) mucous glands whose walls are 
made up of mucous cells which continue right up to the surface 
of the glands. Beguin- found three types of cells in the fundic 
glands of lizards and snakes—(1) surface cells related to the 
mucous cells ; (2) neck cells with no sharp line of demarca¬ 
tion between them and the surface mucous cells; and (3) ^anular 
cells making up the body of the glands. Eeese^^ has described 
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in the stomach of the alligator only one kind of cell in the 
cardiac, fundic and ^pyloric regions of the stomach. Staley^*^ 
working on the gakric glands of the alligator (koines to the 
conclusion, based on histological and experimental evidence, 
that the cells lining the free surface of the stomach are not 
strictly comparable to the true mucous cells. The neck and 
bodies of the gastric glands are composed of parietal cells. 

The preceding survey presents in brief tlie main points 
of view on the relation between the diet of the animal and the 
morphology of the alinnmtary tract and the structure of the 
gastric glands with the functions ascribed to the component 
cells. 

MATERIAL AND METHODS. 

The locally available mud turtle Emyda ritfata (Kelaart) 
was kept alive and under observation in the laboratory tank. 
The digestive tract was dissc^ctcd in normal salim^. solution and 
fixed in various fixatives including Bonin’s picro-formol-acetic, 
Zenker’s fluid, aqueous corrosive sublimate, Bensley's fluid 
and 10 per cent, formalin. The sections were stained in hamia- 
liim, Heidenhain’s hapinatoxylin follow(Ml by (‘osin. Material 
fixed in sublimate solution was stained with Bensley's neutral 
gentian as a specific for zymogen granules in the chief cells of 
the gastric glands. 1 have also tried, at the very kind sugges¬ 
tion of Dr. A. Subba Bao, Bensley’s special technique for the 
demonstration of oxynthi cells in the gastric glands. Mayer's 
mucicarmine has been used as a specific, stain for the mucous 
cells. Mallory’s triple and Pacini's have also been employed. 

GENERAL MORPHOLOGICAL NOTES. 

Emyda vittata is commonly found livitig near the water 
margins of the local tanks, burrowing in soft earth. It enters 
the water during the hot season when the earth is caked and 
so thoroughly at home is this animal in its watery habitat that 
it may be kept in the laboratory tanks without any means of 
resting either above or near the surface. It flourishes under 
these conditions for any length of time. 

I have observed in the laboratory tanks that these animals 
remain under water for prolonged periods and occasionally 
they stretch out their elongated necks to reach the surface and 
even then only the snout is thrust out of water to take in air. 
While completely submerged and lying on the bottom of the 
tanks, the animals are seen to swallow copious quantities of 
water. Gadow (Cambridge Natural History^ Amphibia d? 
Eeptilesy Vol. VIII) has observed that when an Emys or Clemmys 
is suddenly taken out of water, it squirts out a 
stream of this fluid through the vent and Emyda vittata 
behaves similarly when it is taken out of the laboratory tanks. 
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The animal leaves the watery habitat frequently wander¬ 
ing into the cattle sheds of the neighbouring villages in quest 
of food. It then feeds on tender vegetation, insect larvse 
and animal dung. The contents of the stomach of a freshly 
captured specimen show remains of decaying animal and vege¬ 
table matter, small fish and Crustacea. The specimens kept 
in the laboratory tanks refuse to take anything and stand sur¬ 
prisingly prolonged periods of starvation. The inference is 
that the animal should have a decided liking to decaying 
vegetable and animal matter in its free state. 

The digestive tract, fairly uniform in appearance, is in the 
form of a tube which in situ is thrown into a number of trans¬ 
verse loops (Fig. 1). In a specimen whose carapace measured 
about 25 cms. the intestinal region was arranged in seven trans¬ 
verse loops. The transverse folds are firmly supported by a 
thick mesentery. The oTiter wall of the intestine and the 
mesenterial folds together Avith the spa(*.es between the folds 
are loaded with fat, white and sometimes yellow, having a 
])eculiar and disagreeable odour. Omitting th(‘ anterior and 
posterior divisions of the alimentary canal, the intestine alone 
will measure nearly four times the huigth of tin* carapace. 
Judged therefore from the length of the intestines and the 
number of convolutions into which they are thrown, Emyda 
rittaUi shares along with the other Amniota the more advanced 
character of an alimentary canal far longer than the cavity 
in which it is placed. Associated with this advanced character 
is a definitely well-marked primitive feature, the occur¬ 
rence of a longitudinal ridge-like typhlosole, extending through¬ 
out the length of the midgut. The structure of the intestine 
therefore presents an anomaly possessing advanced and mani¬ 
festly primitive features. 

Externally the digestive tract is only partially difl‘erentiate<l 
into definite morphological regions. We can recog¬ 
nise the following morphological regions in addition to the 
buccal cavity : pharynx ; oesophagus ; stomach ; duodenum ; 
intestine ; rectum and cloaca. The pharyngeal region is situated 
in slightly behind the buccal cavity and its posterior continua¬ 
tion is the msophagus, Corresponding to the long neck, the 
oesophagus is a fairly long tube. The histology of the different 
regions gives sufficient justification for segregating not merely 
the pharynx from the oesophagus but also points to the division 
of the latter into an anterior and posterior region. There is 
no external indication of the passage of the oesophagus into 
the stomach except that at the cardiac end the former shows 
a slight dilatation. The transition is very clearly seen when 
one opens the oesophagus and descends into the stomach and 
it may roughly be taken that the transition takes place 
slightly posterior to the region of the axilla. 
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The stomach is very simple and’ tubular. It extends in 
an almost straight line parallel to the longitudinal axis of the 
animal. It lies to the left of the median axis. As stated 
above there is no external indication of the transition of the 
(esophagus into the stomach but internally just opposite to 
the region of the axilla, the complicated oesophageal folds give 
place to the simple longitudinal folds of the gastric mucosa. 
Even as regards the number of the folds there is considerable 
diminution. 7 or 8, more or less equal, mucosal folds are seem 
in the stomach. There is no yiyloric valve but towards the 
pyloric end, the gastric mucosal folds are curved backwards 
(Fig. 2). 

The stomach has two orifices—the (esophageal or the 
cardiac and the pyloric. Theme are two curvatures—the greater 
and the lessem. The portion of the cesophagiis (mtering the 
body cavity is curved slightly to the h^t and be(*.()m(\s continuous 
with the cardiac end of the stomach. The right margin of 
the (esophagus is continuous with the lesser curvature. The 
pyloric orifice lies to the left of the middle line. 

The intestine is very long and uniformly tubular and 
could be conveniently divided into the rectal and pre-reetal 
regions, the latter including the duodenum and the intestine. 
The distinction between the duodenum and the intestine is 
purely arbitrary and together they make up three-fourths of 
the entire length of the intestinal region. The caecum is absent. 
The sphincter and the valve described by Beguin^ and 
Lonneberg^ in some reptiles are absent. 

The pre-rectal region is characterised by tlu^ presence of 
intensely plicated mucosal folds and running the entire length 
of the pre-rectal region is a dorsal longitudinal ridge whicjh 
commences almost near the duodenum, fi-7 cms. from the 
pyloric orifice of the stomach. The i>resence of this longi¬ 
tudinal ridge reduces the cavity of the pre-rectal region of 
the intestine into a semilunar slit. I shall refer later to the 
histology of this interesting structure. The nm.tal region is 
characterised by the absence of the marked plications of the 
mucosa. The rectum opens into the cloaca which also receives 
the genital ducts and the allantoic bladder. 

HISTOLOGY OF THE DIGESTIVE TRACT. 

The following layers are present in the digestive tract:— 

Serous Layer .—A thin layer of areolar tissue with some 
superimposed connective tissue cells. 

Muscle Layers .—Outer longitudinal muscle layer consists 
of a thin sheet of muscles having longitudinally disposed fibres 
and an inner circular layer of transverse fibres. 
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Sub’Mucosa .—This consists of loose areolar tissue in which 
are embedded numerous small blood vessels, lympliatics and 
nerve plexuses. 

Mucous Layer ,—This forms the lining of the cavities and 
is of variable thickness according to the region to which it 
belongs. 

These layers vary in certain marked features all along 
the tract. The muscle layers and tlu' mucous membrane 
show the greatest histological variation while the other two 
layers are fairly uniform, though the degi'ee of development 
of the sub-niucosa differs in some regions. The muscularis 
mucosse which separates the mucosa from tin* underlying sub- 
mucosa is usually well developed in the region of the stomach, 
less so in other regions. An interesting feature of this layer 
is that it is made up of exclusively circular fibres. 

Buccal Cavity ,—The buccal cavity extends from the lips 
to the pharynx and the (*pithelium is lifted up in a series of 
low' longitudinal folds, the folds being more numerous and pro¬ 
nounced at the sides of the cavity. The buccal mucosa consists 
of (a) a stratified epithelial layer and (b) a layer of connective 
tissue underlying the mucosa. The basement membrane is 
not present. 

The epithelium which lines the buccal cavity is stratified 
and the stratification is suggested by the innumerable nuclei 
(Kig. 3). The exuthelium is 10-14 cells in thickness. As a 
consequence of the absen(*e of definite cell outlines, it is not 
possible to distinguish between the flattened polyhc^lral and 
cylindrical calls that make up the epithelium. The nuclei 
of this layer are very small, spherical towards the surface and 
ovoidal towards the basal region. Each nuchms possesses a 
distinct nucleolus and a number of chromatin granulations. 
Mucous cells are not present in large numbers. The distribu¬ 
tion of these cells is of a very restricted nature and extensive 
regions of the buccal mucosa are without them. When present 
they alternate irregularly with the superficial epithelial cells. 
Each mucous cell is filled with a considerable quantity of mucus 
and opens into the buccal cavity by a wide aperture. The 
cells are usually of the same diameter throughout and do not 
narrow into a neck in the distal part. The nucleus of the 
mucous cell is flattened and basal in position. The stratified 
epithelium is implanted on the underlying sub-mucosa. 

The sub-mucous layer is remarkable for the numerous 
blood-vessels and lymi>hatics contained in it. Besides it is 
traversed by a system of lacunar spaces. Connective tissue 
fibres are present in the deeper parts of the mucosa by which 
the buccal membrane is attached to the bones of the skull. 
Buccal glands are absent. 
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Pharyngeal Region ,—The pharynx is the division of the 
alimentary canal intervening between the buccal cavity and 
oesophagus. Certain histological differences justify the treat¬ 
ment of this part of the alimentary tract immediately succeed¬ 
ing the buccal cavity as a definite pharynx. The epithelium 
like that of the buccal cavity is stratified but consists of a fewer 
cell layers. The pharyngeal mucosa is intensely folded reduc¬ 
ing the lumen into a series of radiating canals. Definite finger¬ 
like processes of areolar tissue extend into these mucosal folds. 

Two kinds of cells constitute the epithelium—cylindrical 
epithelial cells and mucous cells, the latter being restricted in 
their occurrence. Tn certain regions of the pharynx the super¬ 
ficial cells are cylindrical while the deeper ones are polygonal. 
The epithelium is distinctly stratified and shows certain 
regional variations. In the anterior region the mucous cells 
are not numerous while as we pass towards the lesophageal 
end there is a gradual increase in the number of these cells. 

The pharynx is a highly muscular organ. The muscula¬ 
ture consists iarg(‘ly of circularly disposed bands of striated 
muscle fibres which become continuous with those of the 
(esophagus and a number of loosely arranged longitudinal 
bundles. We can make out an internal and an external layer 
of such longitudinal bundles with the (drcular layer between 
them (Fig. 4). Towards the posterior region of the pharynx 
the musculature is gradually reduced till finally in the 
oesophageal region we have a comparatively narrow band of 
circular and a narrower band of longitudinal muscles. 

The s(*arcity of the mucous cells, the intense folding of 
the mucosa reducing the cavity into a numb(T of radiating 
canals, tho enormous development of the thickness of the wall 
and the pres(mce of an internal and external bundle of loose 
longitudinal musch\s are the important characters which 
distinguish the pharynx from the (esophagus. 

The exaggerated development of th(‘ muscle layers en¬ 
croaches upon the sub-mucosa. The sub-mucous layer differs 
little from the corresponding region of the buccal cavity. The 
tissue, however, is spongy and loosely compacted. 

Oesophagus .—The reptilian (esophagus has been the subject 
of investigation by numerous authors and the results obtained 
are of a contradictory nature. Beguin- describes in his study 
of the (esophageal mucosa of reptiles, a transition from the 
primitive condition of the lower vertebrates to the more com¬ 
plex characters of the higher vertebrates. In the Saurians 
the asophageal epithelium is simple and cylindrical with a 
predominance of ciliated cells. In Anguis fragilis the ciliated 
cells gradually diminish in numbers. In the Ophidians the 
simple cylindrical epithelium shows a predominance of mucous 
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cells. Among the Chelonians, in Emys europea, the oeso¬ 
phageal epithelium is pavemeiited and stratified with a predomi¬ 
nance of mucous cells. Hoffmann"’ has described in Testudo 
grwca a stratified epithelium and in the same form Maria 
8acchi^ "’ describes a ciliated epithelium. Gianelli and Giaco- 
mini^ described in the same animal a pavemented stratified 
epithelium. Finally Oppel'"’*' has found the cells so indistinctly 
demarcated from each other that he found it impossible to 
decide whether the epithelium is stratified or not. 

Developmentally the part of the digestive tract between 
the pharynx and the entrance of tlie bile duct develops into 
the oesophagus, stomach and that part of the intestine ^^nown 
as the duodenum. The stomach and the duodenum are 
separated by the pyloric valve when such a structure is present 
but it is difficult to draw a clear line of demarcation between 
the oesophagus and the stomach. 

The (esophagus in Kmyda vittata is very much elongated 
corresponding to the length of the neck and structurally is 
well adapted for conducting the food to the seat of digestion 
and absorption. The transition of the pharynx into tlie oeso¬ 
phagus is very obvious if we examine the nature of the oeso¬ 
phageal mucosa. The enormous number of mucosal folds 
characteristic of the pharynx give place to the comparatively 
simple folds of the msophagus. In transverse sections of the 
posterior portions of the o\soi3hagus I could n^cjognise 8-10 
major folds (Fig, 5). Based on the nature of the mucosal folds 
and the kinds of cells composing the epith(*llum, we (tould 
distinguish two r(?gions of the gullet—an anterior and posterior. 
In the ant(?rior msophageal region the mucosal folds like those 
of the pharynx are narrow finger-shaped processes containing 
extensions of the underlying sub-mucosa while posteriorly 
we find the folds becoming more and more flattened. Again 
in the anterior rc'gion, the epithelium is stratified with a mini¬ 
mum of mucous cells while in the posterior regions th(' mucous 
cells predominate. 

The epithelium is composed of two types of cells—cylin¬ 
drical epithelium and mucous cidls. In the anterior portion 
of the oesophagus the surface is lined by cylindrical cells with 
a few goblet cells int(*rspersed here and there. In the pos¬ 
terior regions, the entire free surface of the u'sophageal mucosa 
is occupied by mucous cells which alternate regularly with the 
cylindrical cells. Mucous cells are numerous in the depres¬ 
sions of the mucosa where they are found in 8ev(^>ral layers 
(Fig. 6). The basal portions of the epithelium are occupied by 
a bed of two or three layers of closely packed nuclei which 
probably belong to the other cells of the epithelium. The nuclei 
are ovoidal and in the deeper regions are small and spherical. 
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Both the nuclei contain numerous chromatin granulations, one 
of which slightly bigger than the others represents the 
nucleolus. 

Suh-Mucou8 Goat ,—The sub-mucosa of the (esophagus 
differs from that of the pharynx. It is very spongy and 
contains numerous blood capillaries, lymphatics and a 
system of lacunar spaces. Besides at points where the 
mucosa is deeply folded, we find that the basal regions are 
occupied by large lymphatic nodules. These lymph nodules 
appear as rounded or oval masses and stain very conspicuously 
by reason of the nuclei of its numerous leucocytes. 

Muscular Goats ,—The muscular coat consists of an outer 
longitudinal and an inner circular layer and the bundles of both 
an? very compact. What distinguishes the oesophagus from 
the pharynx besides the differences in the nature of the cells 
constituting the epithelium, is the development of a compact 
sheet of connective tissue in which are embedded both the 
outer longitudinal and inner circtilar bundles (Fig. 7). Sec¬ 
tions of the (esophagus stained either with Mallory’s triple 
connective tissue stain or Pacini's show that this sheet is in 
the nature of connective tissue. It takes a deep blue stain. 
The fibres of this conne(dive tissue sheet run in a direction 
perpendicular to that of the sub-mneosa and the former is clearly 
demarcated from the latter. We find blood vessels and lacu¬ 
nar spaces even in this connective tissue sheet as in the sub- 
mucosa. The fibres of this sheet could be easily traced through 
the layer of circular muscles to the outer longitudinal layer. 
Tlu^e could be no doubt that this connective tissue sheet 
confers on the msophageal wall considerable degree of firmness 
and consistency. 

The longitudinally disposed layer is comparatively little 
developed and is surrounded by connective tissue. The layer 
is in the form of little bundles and is covered over externally 
by the serous coat. The circular layer consists of elongated 
fibres, spindle shaped and possesses an ovoidal nucleus. The 
longitudinal and circular bundles are separated by a layer of 
connective tissue which is continuous with the connective 
tissue sheet above referred to. 

The horny papillae- of the oesophagus and the oeso¬ 
phageal glands referred to by oth(er authors are absent in 
this reptile. 

Stomach ,—The gastric mucosa is nearly of uniform thick¬ 
ness varying from 0.75 to 0.8 mm. The epithelium consists 
of simple cylindrical cells and each contains an ovoid nucleus 
placed towards the middle of the cell with a nucleolus and 
a number of chromatin granulations. 
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Just opposite to the region of the axilla the complicated 
oesophageal folds give place to the mucosal folds of the stomach. 
The transition is first of all marked by the diminution in the 
number of folds towards the cardiac end. I can make out 
seven to eight large more or less equal long longitudinal 
mucosal folds. Another characteristic sign of transition is 
the marked disappearance of mucous cells. A longitudinal 
section passing through the posterior end of the oesophagus 
and the cardiac end of the stomach shows this abrupt change. 
The stratified oesophageal epithelium is continued into the super¬ 
ficial epithelium of the stomach. The manner of transition 
is illustrated in Fig. 8. Close to the limit between the two 
regions, the stratified epithelium is of considerable thickness 
and if the lower line of the epithelium is followed, it will be 
seen that as it approaches the junction, the lowermost cells of 
the a'sophageal mucosa becomes directly continuous with the 
simple columnar epithelium of the stomach while the layers 
above it cease abruptly. 

I recognise throughout the different regions of the stomach 
two main types of glands. The first type composed of long 
tubular glands, the walls of which are lined by cubical cells 
with granular i)ro topi asm. The cylindrical surface epithelial 
cells become continuous with the lining cells of the foveola^ 
and the neck of the glands (Fig. 9). The second type—the 
mucous glands—consist of mucous cells which exclusively make 
ui) the gland. These cells in some cases extend npto tlie sur¬ 
face of the stomach. The deeper portions of these glands are 
broader than the corresponding regions of the iirst type of 
glands (Figs. & 14). 

Eegarding the distribution of the two types of glands, I 
iind that the mucous glands are numerous towards the deeper 
parts of the mucosa. In the anterior or the cardiac region 
of the stomach the mucous glands are very rar(» (Fig. 9) and 
gradually increase in number as we go towards the pyloric 
end where they are very abundant (Figs. 11 & 12). The 
glands which are very broad towards the base reach the sur¬ 
face of the gastric epithelium and are throughout lined by 
mucous cells. 

The gastric glands are tubular (Fig. 10) extremely deep 
and throughout the mucosa are very much pressed against 
each other and only a feeble quantity of connective tissue 
separates individual and groups of gastric glands. A number 
of glands open into each foveolac and the lumen of each gland 
is very narrow. 

I can recognise in the glands of the stomach two types of 
cells (a) one characterised by their cubical appearance with a 
centrally placed large nucleus with a distinct nucleolus and 
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many chromatin granulations and (b)' the hyaline type of large 
cells with an extremely compressed basaily placed nucleus. 
In the constitution of the gastric glands of the second type, 
only mucous cells are present and the mucous cells do not 
alternate with the granular cells as described by Beguin^ nor 
do we find groups of such cells alternating with groups of the 
first type of cell. The entire basal portions of the gland are 
made up by the mucous cells. The nucleus of the hyaline 
type of cell is usually surrounded by a very slight protoplasmic 
mass. 

As by an examination of the glands T cannot distinguish 
the cardiac, fundic or the pyloric regions, either by the degree 
of development of the glands or by the presence of special cells 
I ke the oxyntic cells, I propose to distinguish the stomach 
into the anterior, middle and posterior regions, the first and 
the last corresponding to the cardiac and pyloiic ends. 

The Surface Epithelial Cells and the Cells lining the Gastric 
Glands. —Langley,® TToffmann,"' Opper® and others regard 
the surface epithelial cells as true mucous cells but Osawa^® 
regards them as modified epithelial mucous cells. I have tried 
several of the mucous stains including Mayer’s mucicarmine, 
Toluidin blue and other specific stains. The surface cells and 
those lining the uppcT ])ortions of the foveolse when stained 
with the mucous stains show a faint blue colour in the end of 
the cell towards the lumen of the gland. The cytoplasm is 
homogeneous. In contrast to this almost negative reaction 
the hyaline cells towards the deeper portions of the second type 
of glands take an intense blue stain. This suggests that only 
a part of the surface cells are mucous in nature while the stain¬ 
ing reaction gTadually diminishes towards the bottom of the 
foveola^. The behaviour of the surface cells throughout the 
stomach is the same. 

The results show that true mucous cells cannot be 
demonstrated in the surface epithelium of the stomach. 

The gastric glands as stated above consist exclusively 
of either chief or pepsin-forming cells or mucous cells. The 
results of my observations go to show that the oxyntic cells or 
parietal cells are absent. Towards the cardiac and a greater 
part of the stomach the glands of the first type are composed 
of cylindrical cells related to the surface epithelial cells, peptic 
or chief cells making up the neck and body of the gland. 
Mucous cells form the component cells of the second type of 
g.and. 

Gastric Svh-Mucosa. —The gastric sub-mucosa is separated 
from the gastric mucosa by the development of muscularis 
mucosae. The degree of development of this layer diiTers in 
different regions. It consists of a number of circular muscles 
11 F 
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consisting of elongated fibres with spindle-shaped nuclei. The 
longitudinal fibres do not form part of the muscularis mucossB. 
In fact in certain regions of the stomach the muscularis mucossp 
is so well developed that the appearance is suggestive of the 
fact that the inner circular layer of muscles belonging to the 
thickness of the wall is divided into an inner and outer, the 
former separated from the latter by a well-developed sub-mucous 
layer and occupying the position of muscularis mucosae. 

The sub-mucous coat of connective tissue lies beneath the 
muscularis mucosae It extends into the gross epithelial folds 
of tlie mucosa and therefore its thi(*knes8 is variable. The 
extension into the gastric folds is a marked feature and the 
loose character of the tissue bespeaks of adaptation fo the 
various changes of the gastric epithelial folds during digestion. 
The fibres pursue a direction parallel to the muscular and 
epithelial surfaces with which they are in contact. 

The Gastric Muscles .—The gastric muscular coat consists 
of an outer longitudinal and an inner circular layer. The 
circular layer is by far the thicker of the two. In certain 
regions of tlie stoma(*h the longitudinal fibres show a tendency 
for an exaggerated development when the bundles appear as 
a number of fasciculi surrounded by connective tissue fibres. 
Both striated and non-striate<l fibres are present. 

lu^esUnal Region, -Tlie transition of thc^ stomach into 
the intestine is marked externally by a constriction of the 
stomach towards thc^ pyloric end and internally the simple 
longitudinal folds of the gastric*, mucosa^ are replaced by a 
higlily plicated intestinal mucosa. 1 liave not observed the 
existence of the pyloric valve. I find the Tisual four coats of 
the intestine and the sub-mucous layer is variously developed. 

The absence of tlie CcTcum and the uniform tubular nature 
of the intestine present difiicailties for distinguishing the small 
and the large intestine. Histological examination of this part 
of the digestive tract justifies the division of the int(‘stirie into 
a pre-rectal and a rectal region. Terminally the rectum opens 
into the common cloacal region 

The transition of the gastric into the intestinal mucosa 
is marked by the absence of the gastric glands. The cylin¬ 
drical epithelial cells lining the surface of the stomach pass 
imperceptibly into the cylindrical cells forming the surface 
epithelium of the intestine. The transition is further marked 
by the appearance of a number of wandering cells between the 
surface epithelial cells of the intestine. The nuclei of these 
wandering cells stain very deeply. Besides, the goblet cells 
absent in the gast ic mucosa appear in the intestine, though 
not in such large numbers in which they occur in the pharynx 
and oesophagus. 
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The epithelium is composed of cylindrical cells. The nucleus 
is ovoidal with a number of chromatin granulations and is 
situated roughly at about the middle of the cell. The occur¬ 
rence of nuclei at slightly different levels in the row of cells 
suggests a multinucleate condition. Wandering cells are 
abundant between the epithelial cells. A distinctly striated top 
I)late covers the surface of the epithelium. Towards the base 
of the cellular layer, we find an aggregation of nuclei and some 
of the nuclei of this region show conspicuous heavily stained 
chromatin masses. These appear to be actively dividing 
cells and represent the la^’^er of regenerating cells. 

The plications of the mucous membrane in the pre-rectal 
region give rise to flnger-like processes—the villi. The villi 
are very characteristic of the intestine, very large and numerous 
(Fig. 13). They are generally long, slender and towards the 
base are flattened out. Occasionally two or three villi are 
connected together at various points, enclosing a space between 
them. The enclosed spaces are consequently lined by cylin¬ 
drical epithelial cells. Each villus consists of a prolongation 
of the mucous membrane proper and is covered externally 
by the columnar epithelium. It encloses within blood vessels, 
one or more lymphatics and some plain longitudinal muscular 
fibres. Ill the centre of each villus lie one or more lactcals lined 
by flattcmed endothelial cells. Besides the lacteals and blood 
vessels, the villus has a number of connective tissue 
corpuscles. Neither the muscularis mucosa? nor the sub-mucosa 
extends into the villus. 

The shape of the villi is not uniform. In some regions 
they are large and foliaceous while at others they are long and 
slender. The size of the villus is also subject to wide varia¬ 
tion. The goblet cells are very rare but are certainly not 
absent in the region of the intestine. 

The pre-rectal region of the intestine is characterised by 
the presence of the two kinds of secreting glands—crypts of 
Lieberkuhn and the intestinal glands while the rectal region 
shows only the intestinal glands. A point of interest is occur¬ 
rence of glands throughout the intestinal rc'gion. The crypts 
are formed by the invagination of the mucous membrane into 
the thickness of the layer. The surface epithelium is carried 
into the crypts. Between these crypts the reticular tissue 
of the mucous membrane with lacteals and blood vessels is pre¬ 
sent. The epithelium of the glands or the crypts is of the same 
nature as that covering the general surface of the intestine. 
Usually towards the fundus or the deeper portions, the invagi¬ 
nation slightly broadens and towards this region there is an 
enormous increase in the number of leucocytes. The intestinal 
crypts show a tendency to branch and form compound crypts. 
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The mucous n.embrane both in the rectal and pre-rectal 
regions is separated from the sub-mucosa by the muscularis 
mucosa's. This layer presents varied degree of development and 
consists of chiefly circular muscle fibres, each fibre being elongat¬ 
ed and i)rovided with a compressed spindle-shaped nucleus. 

^ub-Mucous Layer .—So far as the structure of the sub¬ 
mucosa is concerned, there is not much difference between the 
layer in the pharynx and oesophagus and the one present in the 
intestine. The difference is only in the degree of development. 
In the pre-rectal region the sub-mucous layer is greatly reduced 
consisting of a few connective tissue fibres with a number of 
blood vessels. But in the region of the longitudinal ridge, the 
sub-mucous layer is enormously developed and shows the 
characteristic white and elastic fibres with a number of blood 
vessels, lymphatic nodules and spaces. 

Typhlosole .—This is a very characteristic structure observ¬ 
ed for the first time in the intestine of a vertebrate fairly high 
in the scale of evolution. It is a longitudinal ridge along the 
mid-dorsal line and depending into the cavity of the intestine. 
The mucous membrane with its characteristic villus-like 
processes extends over the surface of the typhlosole. The 
development of this structure reduces the cavity of the pre-rectal 
region of the intestine into a semilunar slit (Fig. 14). The 
nature of the epithelium is the same as in the other regions of 
the intestine. The muscularis mucosa* is greatly developed and 
separates the mucous membrane from the underlying well- 
developed sub-raucosa. The bulk of the/typhlosolar ridge is made 
up of the most diffused kind of connective tissue. The tissue 
is fleecy-looking and forms a kind of framework supporting and 
connecting the mucosa with the outer muscular coats. The sub¬ 
mucosa consists of bundles of fine fibrils which do not branch 
but join one another within the bundles. These fibres are 
pearly white in appearance when in a bundle and the tough¬ 
ness of the typhlosole is due to these libres which are known as 
the collagenous fibres. In addition to these fibres, we find 
others which run singly branching at intervals and uniting 
with adjacent libres. These fibres run nearly straight and are 
the elastic fibres. In addition to these different types of 
fibres, we find a number of connective tissue corpuscles and 
lymphatic nodules (Fig. 15). 

Rectum and Cloaca .—The general histology of the rectum 
is very similar to that of the pre-rectal region. The intense 
folding of the mucous membrane producing the villus-like 
processes in the pre-rectal region is replaced by a mucosa which 
is less folded. The epithelium shows a similar nature and the 
glands which occur in great abundance in the pre-rectal region 
are considerably reduced but are nevertheless present (Fig. 16). 
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The sub-mucous layer is greatly developed and makes up 
almost two-thirds of the thickness of the wall and shows the 
inclusions characteristic of this layer in the other regions of 
the digestive tra(it. The muscularis miicosie which shows 
a great development in the pre-rectal region is absent in the 
rectum and the sub-mucous layer next the mucous membrane 
is more compact than the part touching the muscular coats. 
The spongy nature of the sub-mucous layer next the mus¬ 
cular coats is due to the presence of a system of la(*.unar spaces. 

The musculature of the rectum is much thic'ker than that, 
of the preceding part of the alimentary canal. Th(' longi¬ 
tudinal layer which is ill-developed and oven absent in certain 
regions of the pre-rectal region of the intestine is very well 
developed in the rectal region and is almost twic(‘ or thrice 
as thick as the corresponding layer in the preceding part of 
the intestine. The muscles are arranged in a number of 
fasciculi. The circular set is thicker than the longitudinal one 
and consists as usual of elongated muscle fibres with spindle- 
shaped nuclei. 

An interesting feature of the rectal region is the presence 
of discrete spaces lined delinitely by cells, between the longi¬ 
tudinal and circular layers of muscles. Even in the anterior 
regions of the intestines avc find spaces in similar situations. 
In close proximity of these spaces—some of which axe very 
wide in the mid-gut—1 find a large number of blood vessels 
(Fig. 16). 

The mucous layer is plicated and the (;ells are elongated. 
The distal portion of the cell is generally very clear, the basal 
portion being occupied by granular jirotoplasm. The nucleus 
is ovoidal and is situated towards the middle. At the base of 
the epithelium rounded nuclei which represent the cells of 
renovation are present and we can clearly make out mitotic 
figures which suggest that active multiplication occurs in this 
region. 

The rectum opens into the cloaca which receives the 
gential ducts and the allantoic bladder. The epithelium is 
stratified and the musculature and the sub-mucosa are poorly 
developed. 

VASCULAR SUPPLY AND INNERVATION. 

Thapar'^ in his paper on the vascular system of Varanus 
bengalensis describes that the main arteries supplying the gut— 
the mesenteric and the gastric—arise definitely from the left 
systemic arch and a similar origin has been noted by Owen*^ 
and others in the chelonia and crocodilia. The origin of the 
mesenteric from the left systemic, is according to Thapar^^ 
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a condition which characterises the higher reptilia while in 
Heloderma, Vromastix and Ifernidaciylus the visceral arteries 
arise from the dorsal aorta after the union of the two 
systemics. 

In the lizards, chelonians and crocodiles the coeliaco- 
mesenteric is single and subsequently divides into the gastric 
and mesenteric the former supplying the stomach and the 
latter the rest of the gut. In Emyda vittata the blood supply 
to the gut is from three vessels which arise independently from 
the left systemic arch before it joins the right to form the 
dorsal aorta. The first to be given off, the gastric besides supply¬ 
ing the dift’erent regions of the stomach sends a brancji ante¬ 
riorly to the oesophagus. Of the other two vessels, the anterior 
and posterior mesenteric arteries, the anterior aris(es close to 
the gastric rudiment and supplies the duodenum and the post- 
duodenal region. Th(i posterior mesenteric is by far the largest 
artery arising from the left systemic and as soon as it leaves 
the systemic gives rise to a number of branches which proceed 
to supply the several transverse loops of the intestine. This 
vessel is concerned mainly with the supply of blood to the 
posterior parts of the intestine, besides sending a prominent 
branch to the spleen. 

The digestive tract gets its supply of nerve^s from the 
branches of the Vagus. The nerves form a ganglionated 
plexus between the layers of the mus(*ular coats and the sub¬ 
mucous layer from where fibres pass into the muscularis mucosae. 
JSome of the fibres penetrate into the stratified epithelium. 
In the region of the stomach the nerves form plexuses as in 
the other parts of the alimentary canal betw(‘on the layers of 
muscles and in the sub-mucous layer. Fibres pass from the 
plexuses into the mucous membrane. 

DISCUSSION. 

The digestive tract of Emyda vittata presents certain 
features of interest both morphologically and histologically. 
The absence of horny papillae in the asophageal region and the 
pyloric valve has been noticed. The intestine could roughly 
be divided into a rectal and pre-rectal region with no obvious 
external morphological indication of the transition of the 
former into the latter. The development of the longitudinal 
ridge in the mid-dorsal line of the pre-rectal region of the 
intestine, the absence of the ca cum and other valvular devices 
in the digestive tract, the structure of the gastric glands are 
among the interesting characters of the digestive tract of this 
reptile. 

Turning our attention to the development of the typhlo- 
sole, I might state at once that it is a very primitive character 
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in a higher vertebrate. Sir Richard Owen in hia Comparative 
Anatomy and Physiology of Vertebrates has a short note on the 
intestinal tract of the (^helonians. He observes that ‘‘ in the 
tortoise Testudo Indira the inner surface of the small intestine 
is reticulate ; in Testudo tahulata and Kmys europea. it is dispos¬ 
ed in small and numerous longitudinal rugic." Beyond this 
brief reference and a casual mention of the olongatc^d midgut 
in the Chelonia by Gegenbaur* I (*ould obtain no further 
information on the structiiro of the intestine of the (-helonians. 

In writing on the development of the intestines among the 
Vertebrata, Balfour in his Coynparativr Embryology observes 
that “ in certain vertebrates the intestine retains its primitive 
character as a straight tube ; and in thes(‘ types its anterior 
part is characterised by the preseruT^. of a peculiar fold which 
in a highly specialised condition is known as the spiral valve. ’ 

This structure appears in its simplest form in Ammorjetes. 
It consists of a fold in th(‘ wall of the intestine giving the lumen 
of this canal a semilunar form and taking a half spiral. 

In the Rlasmobranchii a fold similar to tliat of the Arnmo- 
codes makes its appearance in the embryo. This fold from the 
first is not quite straight and winds in a long spiral round the 
intestine. In the course of devclo])ment it becomes converted 
into a strong ridge projecting into the lumen of th(‘ intestine. 
The spiral it makes becomes much closer and it tlius acquires 
the form of the adult spiral valve. A spiral valve is also found 
in Chimtcra and no rudiment of such an organ is found in the 
Teleosts, the Amphibia or the higher vertebrates. 

The distribution of the spiral valve among the Graniates 
offers certain interesting peculiarities. In the Peiromyzontia 
the long straight intestine has a slightly sjural valve and it is 
universal in Condrichthys where it may assume a complex 
infolding of tlie intestinal wall provided with blood vc^ssels and 
increasing the absorptive surface. It is already much reduced 
in Amia and Lepidosteus and it has disappeared from the 
intestine of all the living Teleostei except Chirocentrus, 
Vestiges of it may perhaps remain in some Solrnonidw and 
Gymnarchus, With the disappearance of the spiral valve the 
intestine becomes greatly lengthened and much coiled. It is 
obvious that the function fulfilled by the spiral valve, viz,^ 
increasing the absorptive surface and impeding the far too 
rapid progression of food is now assumed in all forms with a 
long coiled intestine by the midgut itself. 

T. J. Parker’’^ in discussing the intestinal spiral valve in 
the genus Raia makes the interesting observation that the 
spiral valve assumes four chief forms—the simplest known as 
the Type A with the free edge of the valve at the same level 
as the attached edge and the width of the valve not greater 



188 


A. Narayana Rao 


than half the semidiameter of the intestine, passing through 
Types B and C to Typo D where all the turns of the spiral are 
deflected forwards and the width of the valve being consider¬ 
ably greater than the semidiameter of the intestine. The 
variations in the form and disposition of the spiral valve produce 
a corresponding difference in the amount of the absorption 
surface possessed by the intestine. In the complicated forms 
of the spiral valve (Type D of Parker) the absorption surface is 
greater than that in the less complicated and tlie resistance 
offered to the passage of food is imnumsely increased and conse¬ 
quently the food is exposed for a longer time to the action of 
the digestive fluids. 

In the Elasmobranch Scyllium canicula the spiral valve is 
more highly developed than the most complicated valve in the 
genus Raia. In Kotidaniifi^ Cestracion j)hilippi and Chimcera 
monstrosa, a spiral valve of varying degrees of (complexity is 
j)resent but in Zygoma malleus and Carcliaria lumensis the 
intestine possessecl what is described as a scroll valve. The 
fixed free edge of the fold of the intestinal wall runs straight 
and parallel with the axis of the intestine and the fold its(df 
is ‘ rolled upon itself into a cylindrical spiral In Lepido- 
siren and Ceratodus we have sjural valves res(‘mb]ing Type B 
of Parker. Lastly in the Lamprc^ys a ridge of mucous mem¬ 
brane projects into the intestine and takes the course of an 
open spiral. The width of the valve is not more than half of the 
diameter of the gut. The valve is Lamprey therefore of the 
simplest type—far simpler than Tyyje A of Parker. A valve 
of this sort is to all intents and purposes a typhlosole differing 
from the latter only in its spiral instead of a straight course. 

The spiral valve of the fishes reduced to its simplest type 
would be a typhlosole and the scroll valve of some Elasmo- 
branchs infinitely reduced to width resolves itself to the same 
structure. Thus the more complicated spiral and scroll valves 
of the fishes are to be derived, according to T. J. Parker, 
from a comparatively simple longitudinal typhlosole. The 
following diagrammatic representation would enable us to 
grasp the idea. 
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The degree of complexity attained is judged by the extent of 
the absorptive surface developed and the degree of resistance 
offered to the passage of the intestinal contents. 

In the light of these observations the occurrence of a 
straight non-spiral ridge reaching about three-fourths of the 
diameter of the pre-rectal region of the intestine confers on 
the animal a very remarkable archaic charact(T. In addi¬ 
tion to the development of the additional structure being a 
primitive feature, even the fully (levelop(»d structure is far 
more primitive than similar structures found in fishes. The 
existence of the typhlosole in the turtle, it- seems to me, is a 
remarkable case on record of spontaneous variation in nature. 
The structure is neither rudimentary nor a comparatively use¬ 
less nor merely an ornamental one. The perfection of this 
organ is of the highest importance to the animal’s well-being, 
judged in the light of tlu^ auiniars diet and other interesting 
morphological features of the digestive tract. 

Balfour’ further observes that the presence of this 
peculiar organ appears to be a primitive vertebrate character. 
Tlie intestine^, of the ascidians (exhibits the same peculiarity 
as that of x4mmocmt(‘S and we may probably conclude from 
embryology that the ancestral chordata were provided with a 
straight intestine having a fold projecting into the lumen to 
increase the area of intestinal epithelium. 

‘‘ In all forms in which there is not a spiral valve with the 
exception of a few teleostei, the intestine becomes consi¬ 
derably longer than the cavity wdiich contains it and therefore 
more or less convoluted.” 

These observations of Balfour’ read in conjunction with 
those of Owen^’ and Parker'’^ already referred to will require 
an explanation as regards the intestinal structure of Emyda 
vittata. In a specimen whose carapace m(»asured 9 inches, 
the alimentary canal Without the (esophagus is slightly more 
than 5 times as long and the midgut is thrown into 6 or 7 trans¬ 
verse folds held firmly by folds of mesentery loaded with fat. 
In Emyda vittata^ the exceedingly long intestine, which is an 
advanced character, possessing a well-dev(doped longitudinal 
ridge, obviously a primitive feature, is an apparent anomaly, 
which can be explained on the basis of the Doctrine of Definite 
Direction in Evolution. The short straight intestine and a 
spiral valve are correlated parts of a system distinctly primi¬ 
tive and if in the course of evolution of the higher vertebrata, 
the intestine were to assume greater length fulfilling the func¬ 
tions of a spiral valve, the latter must necessarily and gradually 
disappear as is traceable through the Ganoid and Teleostean 
fishes. If however, as a result of adaptive modification pro¬ 
duced by the peculiar feeding habits, the typhlosolar ridge 
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were to reappear, it does not follow that the intestine also 
should become correspondingly short,—in fact it will be con¬ 
trary to the requirement necessary for the establishment of 
the theory of Detinite Direction in Evolution. Among the 
early Palaeozoic fishes (Ostracodeimi) the dermal armour is 
correlated with tlie incipient condition of the vertebral 
centra. The endoskeleton does not appreciably ossify until the 
exoskeleton atropliies. Tf as in the case of Mesozoic fishes 
(Pycnodontia) the dermal armour were to re-appear, the endo¬ 
skeleton does not revert to a primitive condition. This pheno¬ 
menon and other examples x>^>ii^t out how when two struc¬ 
tures are co-ordinated, one of them (coining under the influence 
of evolution advances in complexity, the other correlated part 
will tend to disappear, the part that has advanced remains 
unaffected. This is the Law of Irreversibility of Evolution 
and a neater example of this cannot be found than the midgiit 
of Emyda vittata. 

The majority of histological differences are bound up with 
gross mori)hologieal variations such as the types of stumach, 
presence or absence of pyloric valve and the development of 
the caecum. 

The distinction b(d ween the pharynx and the (esophagus 
is very marked and the distinction is justified by the differenti¬ 
ation of the longitudinal layer of muscles in the idiarynx into 
an inner and an outer bundle separated, by the loose circular 
layer and the definitely stratified epithelium with a restricted 
distribution of mucous cells. The epithelial layer of the 
pharynx resembles the corresponding layer of the buccal 
miK^osa while it differs markedly from that of the (jesophagus. 

The horny pai)illaj so (*ommon in the marine foinis are 
absent from this reptile. The only possible exi)laiiation for its 
absence is to be found in the nature of the diet of the animal. 
The marine forms feed chiefly on crustaceans, molluscs and fish 
and these require to be crushed before they are i)assed on to 
the digestive and absorptive seats. But the turtle Emyda 
vittata feeds usually on soft nutriment like the decaying animal 
and vegetable matter and there is no need for a crushing or a 
masticatory apparatus. Thus the absence of papillae is to be 
accounted for by the soft and succulent nature of the food. 

Tullberg^** writing about the alimentary canal of the 
Rodents has suggested that the development of the caecum is 
related to the diet of the animal which chiefly consists of matter 
rich in cellulose. As the digestion and absorption of this kind 
of food depend largely on the duration of its stay in the ali¬ 
mentary tract and as the food passes rapidly through the tract, 
the caecal development is an adaptive device for helping the 
digestion of cellulose. According to Lonneberg^ the caecum 
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is largely developed in the herbivorous reptiles and in the herbi¬ 
vorous iguanas a complicated valvular apparatus and a greatly 
lengthened intestine serve a similar purpose. The turtle 
forming the subject of this i)aper feeds on animal dung and 
other matter poor in nutritious material. The physiological 
needs of the animal could be satisfied only if the food is re¬ 
tained in the alimentary tract for a long time and thus exposed 
to the action of the digestive juices. The absence of the 
pyloric valv(‘ and sphincter at the orifices would naturally 
accehTate the rate of the passage of food through the* digestive 
tract and in order to retard the far too rapid progression of food 
and to ])r(*sent a larger surface of absorption, the animal has 
developed a typhlosole. 

The existence of discrete spaces betwe(‘n the longitudinal 
and circular sets of mus(*les both in the rectal and the pre- 
rectal regions, interpreted in the light of the Jiabits of the animal, 
points to an accessory r(*spiratory function in the intestinal 
region. Tin* animals vvh(‘n kept, under water an* seen to take 
in larger quantities of water and the presence of blood vessels 
in the vicinity of tliese spaces lends additional evidence of 
respiratory function. 

I have (*xamined besides the commoner reptiles like the 
local snakes, the crocodile and the rock turtle. The features 
recorded in the case of Krnyda vittata are exclusive to the 
animal. 

Histologically the a^sophagus and the pharynx are adapted 
for gustatory and mucous producing functions, enabling the 
easy and efficient swallowing action. Neither the pharyngeal 
nor the oesophageal region possesses definite glands nor specia¬ 
lised cells. These regions consequently possess no secretory 
power apart from mucous production. 

TTeidenhain"’^ described in 1870 central and parietal (jells 
in the mammalian gastric glands and in 1877 Edinger"’^ found 
that in the glands of the piscine stomach only the (diief or 
peptic cells occur. In the gastric glands of the turtle the sur¬ 
face epithelial cells are not true mucous (jells and the gastric 
glands consist of cells with granular protoplasm with a central 
rounded nucleus in the case of the glands of the first type and 
true mucous cells in the second type of glands. The oxyntic 
cells are absent in this animal. 

Opinion is unanimous that the oxyntic cells do not exist 
in the ftsh and Stirling^conceives that the superficial epi¬ 
thelial cells in the fishes perform more than one function. The 
surface epithelial cells in the stomach of the turtle are not 
typical mucous-producing cells and as suggested by Stirling'for 
the fishes, the superficial cells are connected with the produc¬ 
tion of acid in the turtle stomach during the digestive processes. 



192 


A. Kara YANA Rao 


SUMMARY. 

1. The buccal epithelium is stratified and the buccal 
glands are absent. A basement membrane is absent. 

2. The pharyngeal epithelium is intensely folded and the 
muscles are extremely well developed. The longitudinal layer 
is differentiated into an inner and an outer set separated by 
the circular layer. 

3. The msophagus is differentiated into an anterior and 
a posterior region, th(>i former characterised by the stratified 
epithelium with a minimum of mucous cells and the latter liber¬ 
ally beset with mucous cells. The mucosa is intenseljr folded. 

4. Tn the oesophageal region a well-developed connective 
tissue sheet in which the muscle layers arc embedded is pre¬ 
sent. The fibres of this sheet run in a direction perpendicular 
to that of the sub-mucosa. 

5. The stomach is very simple and there is no differentia¬ 
tion of the gastric glands. 

t). Two types of glands occur—the gastric juice glands 
and the mucous glands, the latter increasing in number towards 
the posterior end of the stomach. 

7. Three types of cells enter into the constitution of the 
gastric mucosa—the surface epithelial cells which are not 
true mucous cells, true mucous cells and the gastric juice cells 
with granular protoplasm. 

8. Oxyntic cells do not occur in the stomach glands of 
the turtle. 

9. There is no pyloric valve between the pyloric end of 
the stomach and the intestine. 

10. The intestinal mucosa is intensely folded in the pre- 
rectal region and simulate crypts and villi. Goblet cells are 
rare and wandering cells occur in large numbers between the 
surface epithelial cells. 

11. The pre-rectal region is characterised by the presence 
of a longitudinal typhlosole which reduces the cavity of the 
intestine into a semilunar slit. 

12. The development of the lon^tudinal layer of muscles 
differs in the different regions of the intestine—^feebly develop¬ 
ed in the pre-rectal and well developed in the rectal region. 

13. Well-marked space lines by cells and with a rich 
supply of blood capillaries occur between the circular and the 
well-developed longitudinal layers of muscle in the rectal region. 

14. Blood supply to the gut is from three independent 
vessels arising from the left systemic arch before it joins the 
right to form the dorsal aorta. 
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conclusion’ 

1. The alimentai/ry canal is very primitive in the posses¬ 
sion of a typhlosole in the pre-rectal region of the intestine. 

2. The existence of this structure is of functional signi¬ 
ficance for the physiological needs of tlie animal. 

3. The re-appearance of this structure in a vertebrata 
high in the evolutionary scale affords evidence of a definite 
direction in evolution. 

4. The structure of the intestine with a well-developed 
longitudinal layer of muscles and discrete spaces with a rich 
supply of blood capillaries between the muscle layers points 
to the existence of intestinal respiration. 

5. The structure of the gastric glands resembles that of 
the fish in the absence of the oxyntic cells. 
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KEY TO LETTERING. 

HI. V. 

Blood vessels. 

Vv. 

Crypts. 

(\ M. 

Circular muscles. 

V, T. S. 

Connective tissue sheet. 

I.L. M, 

Internal longitudinal muscles. 

Int. 01. 

Intestinal glands. 

L. M. 

Longitudinal layer of muscles. 

Luin. 

Lumen of the gastric gland. 

Lyni. Nod. 

Lymphatic nodule. 

M. 0. 

Mucous cells. 

Mus. Mue. 

Muscularis mucosae. 

N. 

Rounded nucleus of the gastric gland. 

Oo. Ep. 

Oesophageal epithelium. 

M. Ol. 

Mucous gland. 

0. Ep. 

Gastric epithelium. 

Sup. E. 

Superficial epithelium of the intestine. 

Sup. Ep. 

Superficial epithelium of the stomach. 

Sub. mue. 

Sub-Mucous layer. 

Typ. 

Typhlosole. 

W. C. 

Wandering cells. 

Sp. 

Spaces in the thickness of the wall of the 


intestine. 
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Ftg. 1. 
Fig. 2. 

Fig. 3. 
Fig. 4. 

Fig. 5. 
Fig. 6. 

Fig. 7. 

Fig. <S. 

Ftg. 9. 

Fig. 10. 

Fig.11. 

Fig. 12. 


EXPLANATION OF FIGURES. 

Digestive tract in sitiji. 

Dissection showing the transition of the Oesophagus 
to th(‘ Stomach and the Stomach to the Intestine. 

Transverse section of the buccal mucosa. 

Portion of the pharyngeal wall magnified to show the 
stratified epithelium. Mucous cells are absent and 
the musculature is differentiated into external and 
internal longitudinal bundles se])arated by the 
circular layer of muscles. 

Transverse section of the posterior ])ortion of the 
oesophagus. 

Mucosa of the ])osterior region of the (esophagus 
magnified to show the predominance of the mucous 
(iclls. Mucous c(dls found in several layers in the 
depressions. 

Portion of the wall of the posterior region of the 
(esophagus showing the epithelium with a pr(»- 
dominance of mucous cells, a lymphatic- nodule 
and the mus(ile layers (unbedded in a tlu(*k layer 
of conneidive tissue sheet. 

[jongit udinal section showing th(* stratified epitludiiim 
of the (esophagus passing into tlu‘ superficial 
cylindrical epithelium of th(‘ stomach. X marks 
the transitional zone. 

Transvers#^ section of the cardiac portion of the stomach 
showing the long tubular glands (dosely pressed 
against each other. The scarcity of the mucous 
glands is to be not^d. 

Photograi)h of a single gastric gland from tlie cardiac 
region showing th(‘ narrow lumen lined by cells with 
a granular protoplasm and a spherical nucleus. 

Transverse section of the gastric mucosa in the middle 
region. >Some of the mucous glands are cut trans¬ 
versely . 

Transverse section of the posterior or the pyloric end 
of the stomach showing the enormous increas(‘ in 
the number of mucous glands. X shows one of 
these glands lined exclusively by mucous cells open¬ 
ing into the lumen of the stoniach. 
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Flo. Two villi from tlio pr(‘-rectal ri'.^ion of t li<‘ iiit(‘stino 
show ill" tli(* fusion of villi, Leihin'kuhn's cry [its 
and nunn^roiis vvanderini" ceils fxdvviMui the i^ylindri- 
eal surface ejiithelium. 

Flo. I I. Diajrramniatie transverse section of Mu* int(*stiue 
showin." the ty[)hlosole. 

Flo. 15. Portion of tin* typhlosole nia"nili(‘(l to show tin* 
connectivi* tissue lihres, blood vu‘ss(*ls and the 
museularis mucosa*, 

Fi(i. U>. Transv(*rs(* section of the rectal region of tin* int(‘stin(*. 

Portion of tin* wall ina"niti(*d to slunv discr(*t(‘ 
spac('s b(‘twi*i*n the longitudinal and cii*(*ular lay(‘r 
of muscles, tla* sub-mucosa and tin* inti'stinal "lands. 

Fi(i. 17. Olandiilar re"ion of tin* int(‘stiin* ma."nitied to sliow 
tin* intestinal "lands in tin* sub-inueous r(*"ion and 
t in* mimerous wand(*rin" (*(*lls in the e|>itln*lial lay(*r. 
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INTRODUCTION. 

Th(' ^^ameto^en(‘sis of the crustaeea has attracted some 
attcmtion in nuient years and ^jen(*rally cytoloj>:ists hav(^ contined 
themselves to tln^ bidiaviour of cytoplasmic inclusions. Vishwa 
Natli has recimtly ])ublished liis observations on tln^ spermatid 
and sp(*rm of tlie crab Paraielplinm spinigera and it was 
su.a»'ested to me by Prof. (\ !?. Narayan Pao, that th(», behaviour 
of tln^ nucleus in tlie sp(‘rmato<i:enesis mij^ht yield some interest¬ 
ing results. 

Concerning oogemssis a preliminary note on tln^ bidiaviour 
of the (lolgi and mitochondria in this crab was communicated 
to the Indian Science Congress, 1933, by my colh^ague Mr. A. 
Narayana Hao, wlio subseqmmtly lianded over the material 
to me for further investigation. 

In this (connection I wish to express my d(C(‘p debt of grati¬ 
tude to Prof. C, P. Narayan Hao for his valuable guidaime and 
encouragenumt in tine cours(c of this work and to the authori- 
ti(\s of the Indian Mus(*um, Cahmtta, for v(‘ry kindly identify¬ 
ing th(c specimen sent to them. T should also hasten to thank 

Th(*.si.s submitte‘d in partial fultilmont nf th(‘ i*<Mpiin‘m(‘nts for the 
M.Sc. (le^r<*c* f»f (he Mysurr* University. 
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Mr. A. Narayana Rao, for placing at my disposal unreservedly 
the material used in his investigation. 

PREVIOUS WORK. 

Considerable work has been done on the Decapod sperma¬ 
togenesis particularly on the genesis of the spermatozoa. The 
interest in the crustacean spermatogenesis is centred in the 
fact that the crustacean sperm unlike that found in other 
animals belongs to the type commonly described as the radiate 
type. 

Gilson,^® Grobben,’^ Hermann^^ and Sabatier-*'--' have 
given excellent accounts of the genesis of the spermatozoa in 
Crustacea including such forms as Astacus fluviatilis, Pagurus 
striatus and such otlier crustaceans. 

Grobben^-^--’*’ first described the spermatozoan of Stoma- 
topoda and gave a brief description of tbe development of the 
spermatozoan. The spermatid has a spherical nucleus enclos¬ 
ing a number of nucleoli and surrounded by a faint granular 
cytoplasm. Tn the formation of the sperm the nuclear sub¬ 
stance concentrates towards one pole of the nucleus where the 
future head of tlie spermatozoan develops, and takes a crescent 
shape. The substance next concentrates to form a hemi¬ 
spherical body which becomes homogeneous and refractive. 

The early workers paid sxiecial attention to the origin of 
the spermatogonia or “ xirotosperrnatoblasts” (Sabatier-*’--"), 
but Gilson^*^ made a comparative study of the crustacean 
spermatogenesis and confined himself in the main to the develop¬ 
ment of the spermatogonia and the metamorphosis of the 
spermatid into the spermatozoa. 

Labbe’s-”--’ work on tlie spermatogenesis of Hoiudrus, 
PalinHrus^ Stria rlnnalivs^ Carcinvs and other Crustacea con¬ 
tains some very interesting observations not only as regards the 
bcdiaviour of the nucleus during the maturation divisions that 
succeed each otlier very rapidly but also the behaviour of the 
cytoplasmic inclusions like the mitochondria. In the process 
of sperm formation a vesicle appears opposite the spermatid 
nucleus and the shape of the former varies with the species. The 
cytoplasm proper forms the radiating arms which arise round 
the nucleus. Mitochondria persist as the internal vesicle. 

Nichols-^ described and figured the spermatozoan of 
Squilla and several other crustaceans. 

Nathan Fasten*^ in his paper on the spermatogenesis of 
the American crayfish, Gamharus virilis, states that he could 
distinguish primary and secondary spermatogonia with the 
sperinatogonial complex of 124 chromosomes. He further 
observes that there is no rest period between the primary and 
14 
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secondary spermatocytes and reduction takes place in the first 
division. He further encounters four kinds of spermatozoa 
distinguished by three, four, five and six rays. 

The behaviour of the cytoplasmic inclusions in crustacean 
oogenesis has formed the subject of investigation by King,'® 
Nath,-^’"^^ and Harvey.The findings of these authors 
show that even in forms closely related to each other the 
behaviour of these inclusions shows remarkable variations. King*® 
observed that in the Isopod Otiiscus there is no nuclear acti¬ 
vity. The initocliondria swell and give rise to albuminous 
yolk directly and the Golgi in a similar way forms fatty yolk. 

Harvey*"’ working on the oognesis of the marinp crab 
Carcinus mamas states that the albuminous yolk arises in 
relation with the Golgi and probably is deposited in the 
chromoxjhobe part thereof under the infiuenee of the former ; 
later, material of nucleolar origin is added on to the yolk 
droplets. 

Eecently Vishwa Nath and Desaraj Mehta*' in their paper 
on the studies in the origin of yolk find that in the x^rawn 
Palwmon lamarrei the albuminous yolk arises in relation to the 
mitochondria and the Golgi bodies influence the formation of 
the fatty yolk. They record further that the nucleolar 
extrusions in the form of basiphilic pieces are seen in the cyto- 
I)lasm and their subsequent behaviour does not warrant the 
hyx)Othesis of their association with th(» formation of the albu¬ 
minous yolk. In the crab Paratelphusa spinigera, mitochon¬ 
dria remain inactive and have no visible relationship with 
albuminous yolk which arises in association with well-marked 
nucleolar extrusions. 

MATERIAL AND METHODS. 

The freshwater crab Paratelphnsu hydrodromns was 
obtained from tanks in and around Bangalore. The gonads 
were in many cases dissected immediately after their arrival 
and the other crabs were kept by in porcelain sinks containing 
freshwater which was frequently changed and were dissected 
at different intervals. 

The testes were dissected in normal saline water and after 
being cleaned carefully of the sticking hepatopancreas they 
were immediately transferred to the fixatives. The material 
required for studying the behaviour of the Golgi and mito¬ 
chondria in spermatogenesis consisted of smear preparations 
also. The smears were made on clean slides and were 
immersed in jars containing Champy, Flemming-without-acetic 
and strong Flemming from one to two hours and washed in 
running water for 20 to 30 minutes. They were mordanted in 
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the usual way and stained with Shortt’s Iron Hsematoxylin. 
For sectioning, the material was fixed in Bouin’s Picroformol 
acetic with 2 and 4 per cent Urea from 4 to 8 hours and was 
imbedded in paraffin after gradually grading through alcohols 
and cleared in cedar-wood oil. The sections were cut 5 to 10 
microns in thickness. The sections were stained with Shortt’s 
Iron Uaematoxylin and in all cases the results have been very 
satisfactory. 

The ovaries were dissected in normal saline water and 
after being cleaned of the sticking hepatopancreas they were 
cut into small bits and transferred to the fixatives immedi¬ 
ately. Numerous fixatives for sectioning the material were 
tried and Bouin’s Picroformol employed from 4 to 8 hours 
has yielded very good results. For mitochondria the material 
was fixed in Gatenby’s modification of Flemming for 24 hours 
and washed in running water for 24 hours. The material 
after grading through alcohols and cleared in cedar-wood oil was 
imbedded in paraffin and sections 7 to 10 microns in thickness 
were cut and stained with Shortt’s Iron Ilaematoxylin. Mann- 
kopsch and Nassanov have given successful preparations of 
Golgi. 

GENERAL MORPHOLOGICAL NOTES. 

The male reproductive organs of Paratelphusa hydro- 
dromiis lie in the cephalothoracic region. They consist of a 
bilobed tubular testis one running on either side and lying over 
and surrounded by hepatopancreas and a pair of long convoluted 
vasa deferentia. Each lobe runs laterally and directly below 
the anterior region of the heart and the testicular lobes unite 
and from this point the convoluted vasa deferentia originate. 
The male ducts run posteriorly and open on the ventral surface 
at tlie base of the third thoracic appendage. 

The ovaries are similarly situated and form a typical 
cross. Anterior to the region of the heart the limbs of either 
side are connected by a transverse bar. Posteriorly the ovaries 
are associated with glandular structures situated just near the 
external opening. The female opening is on the ventral sur¬ 
face situated in the centre of the last thoracic segment. 

SPERMATOGONIA. 

In examining the testicular lobe it is found that cells of 
different stages of development are seen from the anterior to 
the posterior end. The lobes are arranged in definite regions. 
I have not succeeded in finding different stages within the 
same locule. In the anteriormost regions I find cells 
undergoing rapid multiplication and the spermatogonia are 
confined to the lobes in this region while towards the 
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posterior ends and in the vasa deferentia I find fully formed 
spermatozoa. 

GROWTH PERIOD AND MATURATION. 

In my preparations I have succeeded in distinguishing 
the primary and secondary spermatogonia although the dis¬ 
tinction between the two is not very marked. The sections 
as well as the smear preparations reveal the presence of a dis¬ 
tinct vacuole within the nucleus of the primary spermatogo¬ 
nium (Fig. 2), a feature which has not been so far recorded 
though the presence of such a vacuole is of common occurrence 
in the spermatid prior to its metamorxdiosis into the sperma¬ 
tozoa. (I understand from Mr. B, R. Beshachar that he has 
noticed such a feature in the preparations of the testis of 
Tdithyophis ghdinosus which he is investigating.) The secon¬ 
dary spermatogonia ar(» restricted to the active proliferating 
region. A])art from th<‘ topographical distinction the two kinds 
of spermatogonia differ from one another by the nature of the 
nucleus. Tlie nucleus of the primary spermatogonium is large 
and vesicular and possesses a distinct nucleolus and the chro¬ 
matin is clumpy and shows a periplieral distribution (P"ig. 1), 
while in the secondary spermatogonium th(‘ nucleus is more 
rounded and the chromatin material is granular (Fig. 2). 
Even as regards size, the primary spermatogonia are twice as 
large as the sc^condary ones. The cytoplasm in both the pri¬ 
mary and secondary spermatogonia is uniform. During the 
multiplicative period the spermatogonia ent(*r upon the phases 
of division and the chromatin of the nucleus fragments and 
ultimately heavily staining clumps.of chromatin appear (Fig. 4). 
The nuclear wall soon breaks down with the result tlu* cell enters 
the inetaphaso stage of division (Figs. 14 and 15). Polar 
views of the metaphase plate show^ a number of chromosomes 
which are rather small and numerous (Fig. lb). It is not easy 
to determine the dij)loid number in the spermatogonia! divi¬ 
sions, but as T have successfully determined that- tlu^re are 55 
bivalent chromosomes in the ])rimary spermatocyte, T take it 
that the spermatogonia! count is 110. This is followed by the 
growth of the spermatogonium into the spermatocyte. 

The resting spermatocyte is slightly smaller than the 
secondary sj)ermatogorjium. Within th(^ spermatocyte nucleus 
could be seen numerous irregular clumps of chromatin distri¬ 
buted over a network of linin threads. An early indication 
of develojunent in the primary spermatocyte is seen in the 
nucleus. The chromatin generally fragments and weaves out 
into a number of threads. The threads are so numerous 
that it is not possible to count their exact number. 

I have not been able to observe any definite orientation 
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of leptotene threads nor have I succeeded in tracing the synaptic 
phenomenon. Nathan Fasten"' describes in L()pho[)anopevs 
bellus the pachyteme stage in which the leptotene threads pair 
thereby transforming them into distinct gemini. The absence 
of well marked zygotene and the pachytene stages must account 
for the absence of the definite orientation of the leptotene 
threads. Tn my preparations the lej)toteno condition is 
followed by a stage in which th(*- leptotene threads draw together 
to form the lirst c>ontraction figure of Wilson'^ or 
“ 8ynizetic knot ” (Fig. 7). The intensely staining knot is 
conlined to one pole of th(» nucleus leaving a clear space towards 
the other pole. The synizetic knot stages is accompanied by 
a stage in which the knot opens out to give ris(j to groups of 
deeply stainable knots and emerging from each of tliese knots 
could be seen short, stout threads which undoubtedly represent 
the fused lept.otene threads. T could not determine the precise 
procedure by which the, tetrads are formed. T shall coniine my¬ 
self to a few remarks on Figs. 5 and 0 which represent the 
nucleus in tlui diakinesis stage. In the figures referred to 
above, the nucleus shows several figures many of which are in 
the shape of V’s and U's and in both these figures T could make 
out a double cross o(*cupying precisely the same position in 
both the cases. The limbs of the V's and U’s are seen at 
different angles probably as a result of the opening out of the 
longitudinal halves. These observations, fragmentary as they 
are, suggest that tht^ formation of the tetrads in this animal is 
more complicated than in other crustaceans described by Nathan 
Fasten. By this stage the nucleus has attained its largest 
volume and the chromosomes are characteristically distributed 
round its periphery immediately beneath the nuclear membrane. 
The nuclear membrane disapi)ears and the chromosomes lie 
in the cytoplasm. The tetrads soon condense into rod-shaped 
chromosomes and the nucleus has now entered upon the meta¬ 
phase period of the first division (Figs. 12 and 13). The bivalent 
dumbbells now line up the equatorial plane and from either ends 
of the chromosomes, converge towards the poles, delicate 
spindle fibres. Fig. 17 would represent the bilateral view of the 
metaphase plate. The anaphase and telophase follow quickly 
ultimately producing the secondary spermatocytes. The divi¬ 
sion of the secondary spermatocytes is equatorial. The cells 
are on the whole half the size of the spermatocytes and as T 
have not observed in my preparations the occurrence of the 
chromatoid body only one kind of spermatid is formed. 

The second spermatocyte division is followed by the group¬ 
ing of chromosomes towards the end of the spindle. The 
chromosomes are so closely grouped together that they gener¬ 
ally form a compact chromatin mass. The spermatid is a 
rounded body with a spherical nucleus. Qoon, however, a 
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clear space appears within the nucleus and gradually a few 
other similar spaces are formed until the nucleus exhibits a 
reticular nature. Fasten in the spermatogenesis of the crab 
does not refer to a vacuole of this kind within the nucleus but 
describes a disintegration of a dense chromatin of the nucleus. 
The disintegration according to this author is so consistent that 
this is ultimately represented by granules appearing like karyo- 
somes. Tn my preparations as a result of the development 
of tlie vacuoles the nucleus presents a reticular appearance and 
loose consistency. The nucleus maintains this reticular appear¬ 
ance for a fairly long time. While these changes are taking 
place in the nucleus a vacuole appears at one end of the cyto¬ 
plasm and the nucleus is pressed towards the opposite pole 
(Fig. 24), Simultaneously with these changes mitochondrial 
vacuoles make their appearance and a running together of the 
mitochondria takes place. 

TRANSFORMATION OF THE SPERMATIDS 
INTO SPERMS. 

Gilson^" who has made a comparative study of the sper¬ 
matogenesis of the Crustacea has given a correct genesis of the 
transformation occurring in the spermatids in the formation 
of the sperm. However, he confines his observations to the 
behaviour of the nucleus and makes no mention of the r61e of 
Golgi and mitochondria in the formation bf the sperm. The 
development of the vacuole pushes the nucleus to the pole of 
the spermatid where the former undergoes various changes of 
form. The contents of the nucleus lose their staining power 
and present a homogeneous appearance. According to Fasten 
the process is almost identical with that described by Gilson 
and the mature sperm is the result of the following components 
which take an active part in the spermateleosis :— 

(a) A transparent vesicle originating in the cytoplasm 

of the spermatid. 

(b) Radiating arms produced from the rest of the cyto¬ 

plasm and found along thin strands derived from 

the centrosome. 

(c) The compact nuclear mass situated at the bottom of 

the cytoplasmic cup. 

In his paper on the spermatogenesis of the black clawed 
crab, Nathan Fasten describes the changes in the nucleus bring¬ 
ing about a gradual disappearance of the chromatin masses 
till ultimately only one body which may be a nucleolus resembl¬ 
ing a karyosome is left within the nucleus. Fari passu with 
these changes a densely staining mass makes its appearance in 
the cytoplasm. This mass identified by Koltzofand Binford^ 



Spermatogenesis of Paratelphusa hydrodromus 213 

as mitochondria, Fasten regards as chromatin which has 
diffused out of the nucleus. He describes that the cup which en¬ 
closes the vacuole developed in the cytoplasm is nucleomito- 
chondrial in nature. A second vacuole appears within the 
first and Fasten accounts for the development of the secondary 
vacuole as a result of diffusion of a substance from the distal 
end of the central rod which represents the fused centrosome 
and the karyosome-like body of the nucleus. This second 
vesicle gradually increases in size and fits compactly into the 
first. The radial arm originates from the nucleomitochondrial 
cup. Nath^’ in his recent contribution to Decapod spermato* 
genesis says that the only paper on the spermatogenesis 
of the crab makes no mention of the acrosome and the Golgi 
and comes to the conclusion based on his observations on the 
sperm formation of Paratelphusa sjyinigera, that the nucleo¬ 
mitochondrial vesicle of Fasten is nothing but the cup formed 
by the fusion of the nucleus and the acrosome while the primary 
vesicle of Fasten is a vacuole formed by the running together 
of the mitochondrial vesicles, and the secondary vesicle is pro¬ 
duced by the centrosome. 

My observations on the spermateleosis of Paratelphusa 
hydrodromus are in accord in all essential respects with 
those of Nath but the changes that take place within the 
nucleus of the spermatid shows certain minor variations. 

At the end of the second spermatid division the chromo¬ 
somes group themselves at the sides of the spindle. The chro¬ 
matin masses form a compact nucleus. The spermatid is a 
rounded cell with a completely compact deeply staining nucleo¬ 
lus. Towards one pole of the nucleus 1 can make out granular 
mitochondria (Fig. 29) and about the same region, in Champy 
preparations is to be seen a deeply stained body in wliicli 
could be made out ring-like structures. This represents the 
Golgi bodies which have run together to form a compact body 
the acrosome. Besides in smears made by Bouin's fluid and 
stained with Iron Ilyematoxylin could be seen a deeply stained 
granule in the cytoplasm which is a centrosome. In this con¬ 
nection it must be remembered that the centrosome makes 
its first appearance in the spermatid and cannot be detected 
in the earlier stages of spermatogenesis. 

In the early spermatid with a compact deeply staining 
nucleus a vacuole makes its appearance within the former with 
the result that the deeply staining cuticle and a lightly staining 
medullary area could be made out. The peripheral staining 
area gradually increases and reduces the lighter area till ulti¬ 
mately the nucleus beeomes a darkly staining body occupying 
a pole of the cell. While these changes are taking place the 
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centrosome divides into two and travels towards the nuclear 
end. 

The mitochondria which in the earlier stages are in the 
form of bubbles and vesicles run together to form a distinct 
vesicle which corresponds to the primary vacuole of Fasten. 
The development of the mitochondrial vesicle pushes the 
nucleus to a pole opposite to that in whicli the vesicle is develop¬ 
ing. A few arc left over and do not share in the formation of 
the vesicle and even in the later stages of the spermatogenesis 
they are to be seen lying towards the base of the developing 
sperm. 

While these changes are taking place one of the oentro- 
somes places itself between the mitochondrial vesicle and the 
nucleus and the acrosome which is situated tow ards the nuclear 
region expands into a band and rapidly develops the basal 
part of the mitochondrial vesicle like a ring. A careful exami¬ 
nation of this ring even at this stages shows the presence of 
vacuoles wdthiri it. Figure 27 shows a stages where onc^ can 
make out the mitochondrial vesicle with a deeply staining band 
surrounding it tow^ards the basal region and the nucleus vvliich 
has assumed the shape of a cup. the distinction between the 
acrosomal ring and the nucleus is soon lost resulting in the 
fusion of the acrosome and the nucleus and in the ripe sper¬ 
matozoa the two cannot be distinguislied. Simultaneously 
with these changes the distal centrosome makes its way into 
the mitochondrial vesicle and gradually develops a vacuole 
within the primary one and corresponds to the secondary 
vesicle of Fasten but is centrosomal in origin. 

Soon a thin line grows out from the distal centrosome 
and penetrates the vacuole formed by the proximal one 
(Fig. 28). The basal region is seen to be surrounded by a cup-like 
structure. Following these changes the nucleo-acrosomal cup 
develops into a complete ring-like structure drawn up tightly 
round the mitochondrial vesicle. At the distal end the axial 
lilament which has pierced the mitochondrial vesicle shows 
towards the distal end a small deeply staining transverse piece 
(Fig. 28). This transverse piece, suggests Nath, might supple¬ 
ment the function of the ring-like centrosome, that of keeping 
the mitochondrial vesicle well pressed into the nuclear acrosomal 
cup. 

The fully formed spermatozoan (Fig. 29) is a complete 
disc when viewed from the bottom. The margin of the disc 
is formed by deeply staining fused nucleus and acrosome. The 
lightly staining area enclosed by this ring would represent the 
mitochondrial vesicle while the centre is occupied by the 
proximal centrosome with the deeply staining granule, the axial 
filament. 
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BEHAVIOUR OF THE CYTOPLASMIC INCLUSIONS 
IN OOGENESIS. 

In the yoim^ oocytes the nucleus is very large and vesi¬ 
cular. Surrounding the nucleus are to be seen a number of 
mitocliondrial granules (Fig. 32). Soon after the oocyte has 
differentiated from the germinal epithelium a cloud which stains 
deeply with Iron Ha^matoxylin appears all round the nucleus. 
Towards the pole from which a first peripheral scattering takes 
place there is a great concentration almost in the form of a 
conical cap (Fig. 33). The mitochondria are stained black 
in Flemmmg-without-acetic and followed by Iron Hamia- 
toxylin. In the Mannkopsch unstained preparations the same 
distribution is observed. At this stage the oocyte does not 
show any traces of yolk either albuminous or fatty. With 
the peripheral sciattering of the mitochondria the albuminous 
yolk makes its appearance. Various growth stages of this 
could be seen from the centre to the periphery of the oocyte 
(Fig. 34). During this i)rocess the mitochondria swell and give ris(‘ 
to albuminous yolk. In the full-grown oocyte the albuminous 
yolk is of mitochondrial origin and is seen as yellow platelets 
surrounded by clear space. 

Hotli the Mannkopsch and the Da Fano methods failed 
to reveal the Golgi in the germinal epithelial cells. Soon after 
the oocyte has been differentiated from the germinal epithelium 
the apparatus appears in the form of a few perinuclear vesicles. 
With the growth of the oocyte the Golgi vesicles are scattered 
in the cytoplasm (Fig. 34). 

Material fixed in Bonin's fluid and subsequently stained 
in Iron llapmatoxylin and counter-stained with Eosin reveals 
the nucleolus even in very early cocytes as a distinct small 
body usually eccentric in position within the nucleus. T have 
not observed more than one nucleolus at any stage of the pro¬ 
gress of oogenesis nor have 1 been able to detect either 
oxyphilic or basiphilic extrusions of the nucleolus in the cyto¬ 
plasm. From the early oocytes to the time when the nucleolus 
is bodily extruded into the cytoplasm it is an intensely basi¬ 
philic body never showing any irregularity in its outline. Though 
it is vacuolated as has been observed by Ilarvey^^’^"’^^ and 
others this phenomenon of vacuolisation does not seem to have 
any relation whatever either to the fragmentation of the 
nucleolus or with a change in its staining reactions. The 
nucleolus shows no change except an increase in size in the 
whole course of oogenesis. 

The researches of King/*^ Harvey^^*^®’^*^ and Nath^® 
have established two kinds of yolk, the albuminous and the 
fatty, the former either mitochondrial or nucleolar in origin 



216 


M. S. Muthuswamy Iyer 


and the latter always associated with the Golgi. The mito¬ 
chondria in my preparations occur in the earlier stages as a 
cloud of granules concentrated towards one pole (Fig. 33) and 
with the perij)heral scattering of these bodies surrounded by 
a clear space. The albuminous yolk differs from the fatty yolk, 
which, as will appear later, arises in relation with the Golgi in 
certain staining reactions. The Golgi yolk is blackened 
intensely by Mannkopsch and if Mannkopsch preparations are 
kept in turpentine the fatty yolk resists decolourisation for 
many hours while the albuminous yolk is very slightly blackned 
and yields the colour very early when treated with turpentine. 
Even as regards the time of its appearance then* is consider¬ 
able difference. The ordinary yolk is seen in my preparations 
much earlier than the fatty yolk. In older oocytes the fatty 
yolk is generally concentrated towards the peripheral regions 
of the oocyte and appear as discreet rounded bodies while the 
albuminous yolk could be traced from the centre towards the 
periphery (Fig. 36). 

The vesicular Golgi elements increase in number with 
the growth of the oocyte and show^ a distinct osmiophilic ring 
and an osmiopliobic centre (Fig.*37). The fatty yolk is de¬ 
posited within the vesicle under the influence of the osmio¬ 
philic part and in the fully formed oocytes the whole vesicle 
18 deeply stained by osmic acid. Thus in raratelphusa hydro- 
dromus the albuminous yolk is mitochondrial in origin while 
the fatty yolk arises in relation with the Golgi. 

Hecent studies on crustacean oogenesis have shown that 
the yolk formation is brought about by one or more of the 
cytoplasmic constituents, viz,j mitochondria, Golgi and the 
nucleolus. In the majority of animals there is a variation 
regarding the formation of the albuminous yolk while tlie fatty 
yolk is almost always elaborated by the Golgi, though Harvey'^* 
in the oogenesis of Garcinus mernan makes an interesting 
observation that the fatty yolk arises de novo in the cytoplasm. 
Desaraj Bhatia and Vishwa Nath- on crustacean oogenesis 
describe the mitochondrial origin of albuminous yolk though 
definite nucleolar extrusions into the cytoplasm are seen to take 
place and suggest that in the case of the prawn an indirect 
contribution of the nucleolus towards the formation of the yolk 
cannot be ruled out. But in the crab Paratelphusa spinigera 
mitochondria are inactive and do not take part in the yolk 
formation. The nucleolus in those forms in which it takes 
an active part in vitellogenesis shows certain morphological 
changes. In the oogenesis of Limulvs polyphemusy Mary 
S. Gardiner^ describes that rounded protuberances appear on 
the surface of the nucleolus and material is extruded from 
them into the cytoplasm. These nucleolar emissions retain 
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a spherical shape within the nucleus and pass into the cytosome 
as spheres of considerable size. In the cytoplasm each of the 
extruded material behaves like the parent nucleolus in giving 
oft* substances. These extrusions associate themselves with 
the dictyosomes and form centres of high metabolic activity. 
In the oogenesis of Scorpions the nucleolus according to Nath*^® 
buds off deeply basiphilic round bodies in the nucleus. With 
the growth of the oocyte the nucleolus increases considerably 
in size and buds off nucleolar extrusions which travel into the 
cytoplasm as whole bodies through imperfections in the nuclear 
membrane. In the oogenesis of Loris lydekkerianns ^arayan 
Kao“^ suggests that the appearance of the nucleolus is cor¬ 
related with a certain size of the ovum. It is not present in 
the tubal eggs and the occurrence of yolk and fat bodies even in 
tlie younger ova makes it somewhat difficult to postulate' that 
the nucleolus exe'rts a direct influence on the formation of the 
yolk. In the later oocytes before the polarity of the fat globules 
are established the nucleolus differentiates into the oxyphilic 
and basiphilic portions. The oxyphilic nucleolus passes bodily 
through nuclear membrane and after occupying various points 
in the protoplasm finally it takes a position nearer the cell 
membrane and in the movenSents Ayithin the cytoplasm these 
extrusions seem to be the centres around which the fat is 
deposited. Thus it is clear in all cases where the nucleolus is 
actively concerned^in vitellogenesis the former shows very 
active movements and marked morphological changes. In 
my slides prepared by Flemming without acetic and Mann- 
kopsch technique a number of darkly staining bodies are found 
in the perinuclear region. There is no reason to confuse these 
with nucleolar extrusions as these are found in unstained osmic 
preparations also ; besides during the whole course of oogenesis 
the nucleolus undergoes no morphological change except an 
increase in size till finally the entire nucleolus is bodily extruded 
into the cytoplasm. At no stage have I noticed a differentia¬ 
tion of the nucleolus into the basiphil and oxyphil portions. 
With the peripheral scattering of the mitochondrial granules 
albuminous yolk makes its appearance. This fact read in the 
light of the behaviour of the nucleolus strongly suggests that 
the albuminous yolk is mitochondrial in origin in Pam- 
telphusa hydrodromus. 


RESUME. 

1 . Primary and secondary spermatogonial divisions can 
be distinguished. The spermatogonial chromosomes are 
numerous and small. The primary spermatocyte undergoes 
growth and the leptotene stage with a definite orientation 
of the chromosomes is not observed. 



218 


M. S. Muthuswamy Iyer 


2 . The contraction stage is followed by the opening of 
the knot into three or four groups of thickened chromosomes. 
This stage is follow-cd by diakinesis. 

3 . Tetrad formation and reduction division are made out. 
There are 55 bivalent chromosomes seen in the polar plate of 
the metaphase of the primary spermatocyte division. 

4 . The sperm possesses a cup-shaped nucleus, the cup 
formed by the fusion of the nucleus and the acrosome. The 
primary vesicle of Fasten is mitochondrial in nature. 

5. The luoximal centrosome gives rise to the secondary 
vesicle of Fastcui. 

0 . The sperm in spite ot* its fantastic form is typical as 
regards the components that go to form it. 

7. The nucleolus does not take ])art in vitellogenesis. 

8 . The albuminous yolk is elaborated by tlie mitochondria 
and the fatty yolk by the Golgi bodies. 
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KEY TO LETTERING. 


A. 

Acrosome. 

A. F. 

.. Axial filament. 

Alb. y. 

.. Albuminous yolk. 

Ohr. 

.. Chromatin. 

Chr. gr. 

.. Chromatin granules. 

Cs. 

.. Centrosome. 

Cy. 

.. Cytoplasm. 

y- 

.. Fatty yolk. 

Ct. 

.. Golgi body. 

G. N. 

.. Golgi nucleus. (Nuclei 
of Golgi and nucleus 

M. 

.. Mitochondria. 

M. V. 

.. Mitochondrial vesicle. 

n. 

.. Nucleus. 

nu. 

.. Nucleolus. 

Vac. 

.. Vacuole. 
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EXPLANATION OF FIGURES. 

Fig. 1. Resting spermatogonium with the chromatin dis- 
^ tributed in clumps with a prominent nucleolus. 

Fig. 2. The secondary spermatogonium where the nucleus is 
^ mor(' rounded and granular. 

Fig. 3. The spermatogonium with a prominent vacuole in 
the nucleus. 

Fig. 4. The prophase condition of the spermatogonium. 

Fig. 5. Spermatogonial mitosis. Polar view of the metaphase. 
Fig. 6 . Spermatogonial mitosis. Polar view of the metaphase. 
Fig. 7. Early Contraction figure. 

Fig. 8 . Late Contraction figure. 

Fig. 9. Breaking up of Syniz.esis knot. 

Fig. 10, Breaking up of Synizesis knot. 

Fig. 11. Breaking up of Synizesis knot. 

Fig. 12. Diakinesis. 

Fig. 13. Diakinesis. 

Fig. 14. Side view of Metaphase. 

Fig. 15. Side view of Metaphase. 

Fig. 10. Polar view of tlu* Metaphase plate showing 55 bivalent 
chromosomes. 

Fig. 17. Late Metaphase. 

Fig. 18. Late Metaphase. 

Fig. 19. Anaphase. 

Fig. 20. Anaphase. 

Fig. 21. Telophase. 

Fi(i. 22. Telophase. 

Flg. 23. Spermateleosis. 

Fig. 24. Spermateleosis. 

Fig. 25. Spermateleosis. 

Fig. 26. Spermateleosis. > 

Fig. 27. Spermateleosis. 

Fig. 28. Spermateleosis. 

Fig. 29. Mature Sperm.; 

Fig. 30. A young oocyte. 

Fig. 31. A young oocyte. 

Fig. 32. Oocyte showing mitochondria in the perinuclear region. 
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e)f yolk. 

Fiej. M). A ]>e)rtie)n e)f the* mature e)e)cyte‘ with fatty yolk tenvarels 
the pe*ri]>he*ry e)f the ooe-yte* anel the* albnmine)Us 
yolk towarels the* <*e*ntre*. 
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INTRODUCTION. 

The siluroid fishes form quite a large portion of the Ostario- 
physi which have undergone very interesting modifications in 
different directions. Bridge and* ITaddon,^ in their monu¬ 
mental work on “ The air-bladder and Weberian ossicles in 
the siluroid fishes” have stated : “ It is remarkable that this 

important group of fishes have so little occupied the attention 
of morphologists, especially when we take into consideration 
the interesting modifications which its various members have 
undergone. . . Probably the main reason why the Siluroids 

have been neglected is due to the fact that they are principally 
tropical in habitat, or live in remote inaccessible districts. ” 
Catflshes, both freshwater and estuarine forms, are abundantly 
found all over India. They are rich both in number and 
variety. During the course of practical work I came across 
certain very interesting features in the cranial morphology of 
some of the siluroid fishes, and Dr. B. E. Das suggested to me 
that this problem, if worked- out, would yield very useful 
17 p 
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results. On perusal of literature available in Calcutta and else¬ 
where in India it was found that, with the exception of a few 
papers, very little work had been done on the osteology of the 
Siluroids. The only exhaustive pai)er on the subject is by 
James Kindred'^ on the skull of Amiums eatus. In the pre¬ 
sent paper I propose to describe the skull of the catfish —Rita 
huchanani (Ham. Buch,), which will serve as a type and further 
wish to extend the study to other species of siluroid fishes and 
deal with them from a comparative jioint of view. 

The fishes have been collected fresh from the Calcutta 
markets. After identifying them the heads were dissected out and 
skulls prepared by removing the muscles, occasionally djpping 
them in hot water. Before removing the loose bones from the 
head great care was taken to note their position in relation to the 
neighbouring bones to avoid erroneous rearticulation. Here I 
desire to express my gratitude to Dr. B. K. Das, D.Sc. (Lond.), 
for his very valuable guidance throughout the course of this 
investigation. This work was commenced while I was a post¬ 
graduate student at the University College of Science, 
Calcutta, and the latter half of the work was carried out at 
the Zoological Laboratory of the Mysore University and I am in¬ 
debted to Professor C. K. Narayan Rao for all the help given 
me for the completion of the paper. The drawings illustrat¬ 
ing this paper have been made under my guidance by one of 
my old pupils Mr. T. R. Doreswami to whom my best thanks 
are due. 

PART L THE SKULL OF RITA BUCH A NANI 
(Ham. Buch.) 

I. General Features of the Cranium. 

The cranium (Figs. 3, 4 and 5) is long and there is a gradual 
slope from behind forwards, i.e., from the supraoccipital to the 
supraethmoid bone. Extending backwards from the cranium 
is an enormously developed supraoccipital process which is 
bifid posteriorly for the insertion of the basal bone of the dorsal 
fin. In the anterior region there is a corresponding, forwardly 
directed, bifid cornu of the supraetljmoid. On either side 
are prominently seen the ectethmoid process, the outw^ardly 
extended ridge of the sphenotic and the upper limb of the post¬ 
temporal (Fig. 2). The upper surfaces of the supraoccipital, 
supratcmporals, superior limb of the post-temporals and the 
posterior portions of the frontals are marked by granular ossi¬ 
fications, and in this part of the cranium there is only a thin 
covering of the skin, while the rest of the surface of the cranium 
is situated on a deeper level and is partly smooth and partly 
ridged and covered over by muscles and skin. The cranial 
roof is incomplete, there being an anterior fontanelle bounded 
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mostly by the anterior portions of the frontals and partly by 
the posterior notch of the supraethmoid. 

The parasphenoid axis is horizontal and straight, except 
for a slight downward extension of the basioccipital. Pro¬ 
minently seen on the ventral surface is a very large vomer with 
two broad oval plates wit!i beadlike teeth (Pig. 3). 

The cavum cranii extends widely up to the ethmoid 
region. Hence it is a platybasic cranium. There is a cartila¬ 
ginous internasal septum. 

(a) Stipraethmoid (Figs. 2 and 7, SE.).—The anterior- 
most element of the cranium is the supraethmoid. This bone 
is bifurcated posteriorly, its notch forming the anterior boun¬ 
dary of the single dorsal fontancllc. There is a small depres¬ 
sion in the middle line sloping from the centre backwards. 
The bone tapers anteriorly and at the end spreads out into 
two small horn-like processes. The dorsal surface of the bone 
is covered witli line ridges, which at the anterior end diverge 
on the two horns. Ventrally there is a short backward exten¬ 
sion of this bone for the articulation with the parasphenoid. 
Both the dorsal and the ventral articular surfaces are highly 
split up into a number of osseous spicules, which serve for a 
firm int('rdigitation with the corresponding spicules of the 
frontals and the parasphenoid respectively. The supraethmoid 
articulates with the frontals and parasphenoid posteriorly, 
vomer and premaxillaries ventrally, and ectethmoids later¬ 
ally. 

(b) Ectethmoids (Figs. 2 and 7, BCT.).—The ectethmoids 
arc situated on either side of the supraethmoid. Each ecteth- 
moid has two small lateral processes situated side by side form¬ 
ing the anterior boundary of the orbit. Dorsally the posterior 
portion is elevated to the level of the frontal, and there is a 
small projection of the bone directed anteriorly. There are 
two nerve foramina, one above the other, for the passage of 
the two branches of ophthalmicus superficialis trigemini. 
Mesially the ectethmoid is produced into two lamina project¬ 
ing dorsally and ventrally inwards, which form partly the roof, 
outer side wall and floor of the foramen orbito nasale. This 
portion of the bone remains incompletely ossified, whereas 
the lateral and dorsal portions are very well ossified. On 
the outer side there are two small articular surfaces, one 
situated dorsally and anteriorly to the other ; the former is 
for the articulation of the lacrymal and the latter for the pala¬ 
tine (Fig. 7). Both these surfaces are only partially ossified. 

Dorsally the ectethmoid articulates with the supraethmoid, 
and ventrally with the vomer. There is a firm interdigitation 
posteriorly and mesially with the frontals. There is only a 



236 


B. S. Bhimachar 


small area of interdigitation with the orbitosphenoid and a 
very slight articulation with the ectopterygoid. 

[In the ethmoid region the two cctethmoids do not meet 
each other in the middle line. At the base the ectethmoids 
are separated by a thin flat horizontal piece of cartilage, and 
correspondingly tlierc is another sheet of cartilage on the upper 
side, forming the floor and the roof respectively of the olfactory 
passages. Between these two is a vertical sheet of cartilage, 
in the middle line, which does not, however, extend as far back 
as the orbitosphenoid. This is the internasal septum which 
separates the olfactory passages and partly the olfactory 
capsules (Fig. 6).] 

{c) Vomer (Fig. 3, VO.).—^This is a very largo, conspi¬ 
cuous bone on the ventral portion of the ethmoid region. It 
is exceptionally large in Rita. It has a slender mesial portion 
tapering to a point backwards, which may be cither entire or 
split up for articulation with the parasphenoid. Extending 
laterally are two large oval discs which are united to each 
other through the central portion in the anterior region. The 
two discs, however, diverge backwards. There is a short 
anterior process which extends only up to the premaxillaries. 
The whole of the ventral surface of the two discs is beset with 
rounded molariform teeth. The vomerine teeth are placed in 
sockets. On the dorsal surface there are two small depres¬ 
sions, one on each side, which serve as the floor of the nasal 
fossfe. The articulations on the dorsal surfacio arc with the 
ectethmoids, supraethmoid and ectopterygoid. Posteriorly, as 
stated above, the central narrow i)ortion fits into the para¬ 
sphenoid. 

{(I) Frontals (Fig. 2, FR.).—These are two long dermal 
bones on the dorsal surface of the skull. The anterior half of 
the bone is thinner than the posterior haK, and tapers to a 
point in front, and is split up into a number of spicules for the 
interdigitation with the supraethmoid and the ectethmoid 
bones. The anterior halves of the frontals are separated by 
the wide fontanelle. The xjortions of the frontals posterior 
to the fontanelle are united in the middle line by a suture, and 
form a compact roof of the cavum cranii in that region. At 
the hinder region, a short winglike lateral extension is given 
off from each frontal for articulation with the sphenotic. 
There is a small ventral ridge projecting downwards in the 
middle line which does not, however, extend to the anterior 
extremity of the bone. This ridge gives articulation to the 
ventrally disposed bones and also forms to a very slight extent, 
the side wall of the cranial cavity. On the dorsal surface the 
entire length of the narrow portion of the frontal is sculptured 
with ridges. Its hinder portion is wider and is covered over 
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by granulations, which are in continuation with those of the 
supraoccipital. The supraorbital branch of the sensory canal 
from the sphenotic passes through the frontal and enters the 
tubular nasal bone in front. 

Anteriorly the frontals are articulated by means of inter- 
digitation with the supraetlnnoid and the ectethmoids, mesially 
with the posterior half of the frontal of the opposite side, and 
at the hinder end with the supraoccipital. On the ventral side 
it interdigitates by means of two small patches with the orbito- 
sphenoid and the alisplienoid. 

{e) Orbitosphenoid (Figs. 6, 7 and 8, OS.).—It is a large 
unpaired, boat-sliaped bone with a thin hat horizontal base 
and two lateral, upwardly directed portions forming respec¬ 
tively the floor as well as the side-walls of the cranial cavity 
in this region. The side-wall is quite thick, and consists of 
two lamina} between whicli the cartilage is poorly ossified. 
Posteriorly there is a notch which forms nearly half the anterior 
boundary of the optic foramen, the rest of the boundary of this 
foramen is formed by front portions of the suprasphenoid and 
alisplienoid (Fig. 7). Ventrally the bone has a longitudinal 
groove which fits over the parasphenoid. Posteriorly it arti¬ 
culates with the suprasphenoid. The posterior halves of the 
lateral walls of the bone interdigitate with the frontals. An¬ 
teriorly it articulates by means of two patches of interdigita- 
tion, one on each side, with the ectethmoids. Externally 
and anteriorly there is an articular surface by means of which 
the ectopterygoid is attached to this bone (Fig. 7, EGP.). 

(/) Suprasphenoid (Fig. G, SS.).—This is a large unpaired 
bone fused completely on its ventral side with the posterior 
portion of the parasphenoid. It forms the floor of the cavum 
cranii between the optic and the trigeminal foramina. An¬ 
teriorly it interdigitates with the orbitosphenoid and also contri¬ 
butes slightly towards the formation of the boundary of the 
optic foramen and posteriorly with the prootics. There are 
two slightly raised portions on each side of tliis bone, by means 
of which it articulates with the alisphenoids. 

(g) Alisphenoids (Fig. 7, ALIS.).—Alisphenoid is a 
considerably large, flat, wing-like bone situated between 
the optic and the trigeminal foramina. The posterior boun¬ 
dary of the former and the anterior boundary of the latter are 
largely contributed by this bone. The alisphenoids form the 
lateral walls of the cranium in this region. Its outer surface 
is fairly smooth, while its inner surface is ridged. On the 
posterior region of the outer surface of this bone there is a small 
depressed oval patch over which the anterior upper portion 
of the hyomandibular rests. There are no nerve foramina 
B this bone. 
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Anteriorly the alisphenoid meets the posteriorly directed 
process of the orbitosphenoid by the intervention of a small 
piece of cartilage. Dorsally ii. articulates with the frontal, 
and behind with the sphenotic by means of two patches of 
interdigitation. The upper posterior portion of the bone meets 
the prootic, completing the boundary of the trigeminal foramen. 
Ventrally towards its inner side it articulates with the supra- 
sphenoid, and externally with the 2 )arasplienoid. 

(h) Parasphenoid (Figs. 3 and 6, PS.).—The parasphenoid 
is a long bone forming the base of the cranium. Tt extends 
from the lower limb of the supraethmoid to the basioccipital. 
Both anteriorly and posteriorly tlie bone is split up into spicules. 
Posterior to the orbitosphenoid this bone extends dors6-later- 
ally, forming the characteristic wings of the Teleostean para¬ 
sphenoid. it is over this portion of the bone that the supra- 
sphenoid is anchylosed. 

Anteriorly it articulates with the lower limb of the supra¬ 
ethmoid, and on the upx)er surface, from before backwards, 
with the orbitos])henoid, suprasphenoid (with whicli it is fused) 
and prootics which me(^t in the middle line over the para¬ 
sphenoid. Laterally it articulates with the alisplienoids and 
partly also with the orbitosphenoid and the prootics. 

(t) Sphenotica (Figs. 2 and 1, SPII.).—The dorsal surface 
of the sphenotic along with that of squanioso-pterotic forms 
a small well-defined lateral ])latform, situated on a level, 
slightly lower than that of the dorsal surra(*e8 of the supra- 
occipital and the frentals. Viewed from above the sphenotic 
appears as a smooth flat bone, except for a thick anterior ridge 
which i)rojects out into a broad spinous process. Behind this 
ridge is a small groove for the insertion of the opercular muscles 
and ligament. 

The bone extends downwards into a thick ridge which 
forms lateral wall of the cranium above the trigeminal and 
facial foramina. Its lateral surface is fairly well grooved for 
the articulation of the hyomandibular. This articular facet 
is continuous with a similar groove on the squamoso-pterotic. 
Below this facet, liowever, the bone is considerably ridged. 
On the hinder side of the bone there is a small recciss which 
is the anterior portion of the recess wliich lodges the anterior 
semicircular canal. The upper portion of the bone is pierced 
by the lateral line sense canal. 

Internally and dorsally its articulation is with the frontal 
and the supraoccipital; anteriorly with the alisphenoid by 
means of two sutures ; posteriorly with the squamoso-pterotic, 
and on the lower side it meets the prootic. 

(j) Prootics (Figs. 3 and 4, PBO.).—These are two large 
flat bones situated immediately behind the trigeminal foramen 
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and in front of the exoccipitals. The lower edges of the two 
bones meet in the middle line behind the siipraspheiioid. They 
form the floor and more tlian half of the side walls oC the caviiin 
cranii in the otic region. The outer surface of each bone is 
smooth, except for the small ridges on its upper portion for the 
insertion of the hyomandibular muscles. In shape the bone 
is almost squarish, and its anterior portion is quite thin. It 
forms a portion of the boundary of the trigeminal foramen. 
Behind the latter there are two foramina, one large and another 
small, for the passage of the facialis nerve. Its inner surface 
is, however, not quite smooth. The lower portions of the 
prootics, as has been mentioned above, meet in the middle 
line, and they firmly press over the parasphenoid and the 
basicccipital. There is no trace of the ' eye-muscle canal ’ 
(myodome), which is present in other Teleosts. 

There is a small depression, the pituitary fossa, between the 
suprasphenoid and the prootics, which lodges the hypophysis. 
There are two small recesses, one in each bone, at the base of 
the posterior surface. They are the anterior portions of the 
reccssus sacculorum. About the middle region of the prootic 
there is a more or less prominent vertical ridge directed back¬ 
wards, which gives rise to a corresponding groove. This groove 
lodges the greater part of the anterior semicircular canal (Fig. 
6). There is another thin ridge at the posterior margin of the 
bone. Between these two ridges is a smooth, shallow depres¬ 
sion with a thin wall, which lodges the reccssus utriculi. 

Anteriorly the prootics iiiterdigitate with the supra¬ 
sphenoid, and posteriorly with the basioccipital. The other 
neighbouring bones, except for a small patch of interdigita- 
tion with the squamoso-pterotic, are separated from the pro¬ 
otics by a thin strip of cartilage. On tlie dorsal sid(', each ])rootic 
meets the squamoso-pterotic, sphenotic and to a slight extent 
the alisphenoid also, and posteriorly the exoccipital. 

{k) Siiiiamoso-PteroticH (Figs. 4 and 5, SQPTK.).—There 
has been much confusion regarding the nomenclature of this 
bone. Hallman (in Perea, 1837) and Huxley (in Esox) called 
this bone squamosal ignoring its relation to the chondrocranium. 
But later Parker (1872), studying the development of Salmo, 
established its otic relationship, but yet its dermal character 
was not recognised. MacMurrich (1884) also named it only 
as pterotic. Sagemehl (1885, 1891) recognised both the ele¬ 
ments in Oyprinidse and Characinidao, but still called it squa¬ 
mosal. Kindred (1919) who studied the development of skull 
in Amiurus, actually observed the dermal and the chondro- 
cranial elements fusing to form a single bone, which he very 
rightly named as squamoso-pterotic. Exactly as in the case 
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of Amiurus both the chondral and the dermal elements can 
be made out in the skull of Etta, 

Those two bones form the postero-lateral edges of the 
skull. The upper surface of each bone is smooth, except for a 
small elevated lateral area which is in level with tlie supra- 
temporal and the epiotic limb of the post-temporal. The 
veiitro-lateral surface is highly ridged for the insertion of the 
opercular muscles and ligament. There is an opening on the 
upper side of its lateral surface which opens into the post-tem¬ 
poral fossa. There is a groove present over the anterior upper 
portion of its side, and this forms a part of the articular facet 
for the hyomandibiilar bone. Viewed from inside there is a 
deep groove on the upper portion of the bone dividing*it into 
two lamellae, an upper representing the squamosal part and a 
lower the pterotic part. This groove is continuous with 
similar ones formed by the epiotic and the supraoceipital, and 
a more or less closed recess is formed by the apposition of the 
internal lamellae of all the three bones. This does not open 
into the cranial cavity. It corresponds, more or less, to the 
pre-epiotic fossa of Eidewood (in Clupva), This cavity is in 
communication with the post-temporal fossa by an opening. 
The chamber in the lower pterotic portion of tlie bone forms 
the recess for the lateral semi-circular canal. This, again, 
is partly divided by a vertical bridge of bone, which serves as 
the anterior wall of the posterior semicircular canal. The 
squamosal part of the bone is ph'-rced by the sensory canal 
which is described elsewhere. 

The bone articulates anteriorly with the sphenotic, ven- 
trally wit h the prootic and exo(icij)ital by means of two sutures, 
posteriorly with the epiotic and supratemporal, and mosially 
with the supraoceipital. 

{1) Epiotics (Figs. 3 and 4, EPO.).—They form the 
postero-dorsal angles of the skull. The bone is pyramidal 
in form with three sides, vk., dorsal, posterior and lateral sur¬ 
faces. The apex forms the postero-lateral corner. The dorsal 
surface forms the floor of a fossa which is roofed over by the 
supratemporal. Bridge and Iladdon (1893) call this fossa in 
Maerones as “ Post-temporal fossa The Post-temporal 
fossa of Maerones is deep and is formed by the fusion of the 
pre-epiotic recess and the shallow post-temi)oral fossa of Eita, 
This post-temporal fossa can be seen only when the post-temporal 
bone is detached from the cranium, because the epiotic limb 
of the latter fits into this fossa (Fig. 5, IIF.). Laterally the bone 
is ridged for the insertion of the opercular muscles. Inter¬ 
nally the cavity in the bone is divided into two by a trans¬ 
verse septum—the upper chamber forming a portion of 
the pre-epiotic recess, and the lower portion forms the recess 
for the posterior semicircular canal. 
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The articulations an? with the supraoccipital and post- 
temporal above, exoccipital below, and squainoso-pterotic 
in front. There is considerable amount of cartilage between 
the exoccipital and the eiuotic. 

(m) Supraoccipital (Figs. 4 and h, SO.).—The siiyna- 
occipital bone is exceptionally large, and forms the? roof of 
the cranial cavity behind the frontals. Parietals are absent. 
Extending behind tlie occipital n^gion the supraoccipital 
bears a very broad backwardly directed supraoccipital process. 
Jt is slightly more than half the total length of the bone. 
The supraoccipital process is bifurcated posteriorly for the 
reception of the basal bone of the dorsal spine. The dorsal 
surface is highly granulated, and is fairly convex. There are 
two small depressions on the anterior lialf of the bone, the 
nature of which is not known. Ventrally the anterior i)or- 
tion of the bone forms the roof of the cranial cavity, and pos¬ 
terior to this is a thick transverse dowmvard portion of the 
bone which articulat(\s with the exoccipitals. It forms the 
posterior wall of the cranium above the foramen inagmim. 
The supraoccij)ital, however, docs not contribute to the forma¬ 
tion of the foramen magnum. In the middle of the x>o8terior 
face of the cranium there is a small mass of cartilage between 
the supraoccipital and the exoccipitals. It is through the 
intermediation of this region that the spinous process of the 
fourth vertebra articailates with the cranium. On the mid- 
ventral surface of the occipital process is a thick vertical ridge 
of bone which extends backwards from the upper portion of 
the posterior surface u]) to the base of tin? basal bone. Later¬ 
ally the bone is ridged for the attachment of muscles. Antero- 
laterally and also above the sphenotic and the squainoso- 
pterotic the bone gives attachment to t.lu? o])ercular and the 
mandibular muscles. 

The supraoccipital articulates in front with the frontals, 
laterally with the sphenotic, squarnosoptcrotic and supra- 
tcmporal, and posteriorly and below with the epiotic and 
exoccipital. It is simply apposed with the ('xoccipitals, 
cartilage persisting between them. 

(n) Exoccipitals (Figs. 3, 4, 5 and 0, EX.).—The exocci¬ 
pitals are situated laterally on the tw^o sides of the foramen 
magnum forming its complete boundary. The two exocci¬ 
pitals meet each other in the middle line above the foramen 
magnum excluding the supraoccipital from its boundary. On 
the lower side, the exoccix>ital sends inwards a thin horizontal 
lamina of bone which meets in the middle with its fellow of 
the other side, forming the floor of the foramen magnum and 
also the roof of the sinus imparis. Posteriorly the bone is 
pushed inwards vertically giving rise to an internal ridge which, 
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in continuation with a small portion of a ridge in the siipra- 
occipital, forms the posterior boundary of the otic recess. And 
correspondingly there is a wide groove on the posterior surface 
whicli diverges upwards. 

The lateral surface is squarish, and there is a minute fora¬ 
men in tlie low(^r anterior portion for the passage of the glosso- 
pliaryngeal nerve. Posterior to this lies the wider aperture 
for the exit of tlie vagus nerve (Pig. 4). There is another fora¬ 
men at the posterior corner of the lateral surface of this bone 
for the hypoglossal or tlie lirst spinal nerve. On the ventral 
surface of the bone is a deep, smootli groove, closed behind, 
which forms tlie outer sidewall and the roof of the recessus 
sacculi. Directed vmtro-laterally is a small process* which 
with a similar bigger process of the basioccipital forms the 
articular facet for the inferior limb of the post-temporal of that 
side. 

The articulations of this bone are with supraoccipital, 
epiotic and squamoso-pt.erotic above ; prootic in front; basi¬ 
occipital below and with its felknv of the other side mesially. 
Except for a little junction with the epiotic, and also with 
the squamoso-pterotic and the basioccipital, its sides are simply 
apposed together with the neighbouring bones, cartilage still 
persisting between them. 

(o) Basioccipital (Pigs. 3, 4, 5 and d, BO.).—The basi¬ 
occipital is situat(^d below the exoccipitals forming the pos¬ 
terior-most ehnnent on the ventral surface of the cranium. 
It is quite massive in the posterior region, becoming thinner 
anteriorly. The posterior surface is oval and concave wdth 
two ventro-posteriorlj^ directed branched accessory processes 
for the articulation with similar processes growing forward 
from the lirst as well as the complex vertebra. The first 
vertebra is partly fused oii its ventral side with these processes. 
Anterior to this the bone sends out tvv^o short but stout lateral 
proc(*sse8, one on each side, which give attachment to the lower 
limb of the post-temporal. Between these two processes, 
on the ventral surface of the bone, is a small circular, hollow 
space tilled with cartilage. The ventral surface is smooth. 
The anterior portion is highly siilit up for interdigitation with 
the para8])henoid and the suprasphenoid. 

On the upper surface of the bone is a longitudinal vertical 
ridge in the middle line on cither side of which is a wide groove 
closed posteriorly, forming the floor of the recessus sacculi, 
wdiile its inner sidewall is formed by the ridge itself. 
The ridge is wide and concave upwards forming the floor 
and partly the side walls of the sinus imparis. The transverse 
groove for the ductus endolymphaticus in the anterior 
region of this bone is not quite distinct. 
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The articulations are with the' parasphenoid and supra- 
sphcnoid in front, dorso-laterally with the prootics, dorsally 
with the exoccipitals, and laterally with the post-temporal. 

(p) ^upratemporals (Fi^s. 2, 4 and 5, ST.).—There is 
a small, flat bone on either side at the postero-lateral dorsal 
surface of the cranium, roofini? the post-teni])oral fossa. It 
is firmly articulated witli the cranium. So far it has not been 
described in any of the siluroids by the previous workers. They 
can be clearly seen in Macrones, but Bridge and IIaddon who 
have studied the posterior region of the skull have failed to 
record its presence. From its relative position on the skull 
and its relation with the lateral line sense canal it could 
easily be identified as supratemporal. The dorsal surface of 
the bone is covered over with granulations, and is in the same 
level as the supraoccipital and the upper limb of the post¬ 
temporal. 

Articulations are with the supraoccipital towards its inner 
side, squamoso-pterotic in front, and post-temporal below. 

(q) Post-temporals (Figs. 2 and 9, PT.).—The post-temporal 
is a bone which primarily belongs to the pectoral girdle. It 
has tw'O limbs, viz., a large upper flat thumb-shaped portion 
and a ventrally directed rod-like portion. The inferior limb 
is smooth and articulates by its end on to the articular facet 
presented by the basi- and exoccipitals (Fig. 5, AET. PT.). 
The anterior portion of the upper limb is inserted into the post¬ 
temporal fossa. The dorsal surface of the upper flat portion is 
granulated. Between the two limbs there is a wide groove 
on the bone directed backwards with which articulates the 
clavicle. The sensory canal enters the cranium through the 
upper limb of the post-temporal. 

The lower limb, as stated above, articulates with the 
basi- and exoccipitals, and the anterior portion of the upper 
limb with the supratemporal above and the epiotic below. 

II. Temporal and Preoperoular ISeries. 

The post-temporals and the supratemporals have already 
been described. 

(a) Subtemporals (Fig. 1, SBT.).—The outermost branch 
of the sensory canal in the squamoso-pterotic passes down- 
w^ards posterior to the hyomandibular as the preopercular 
mandibular canal. Before it enters the preopercular the canal 
passes through two small tubular bones, on either side, known 
as the subtemporals. 

(b) Pre-operoulum (Figs. 1 and 8, PEEO.).—^From the 
subtemporal the sensory canal passes down the preoperculum 
and finally enters the mandible. The preoperculum has been 
treated with temporal bones because it is developed primarily 
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around a portion of the lateral line system and is of a different 
nature from other opercular bones (Ridewood). The pre¬ 
operculum is firndy articulated in front with the hyomandi- 
bular and quadrate. The lower portion of the bone is broad. 
There is a foramen in tlie lower part of the bone for the passage 
of a branch of the hyomandibiilaris facialis. 

III. Circumorbital Series, 

(a) Infraorbital bones (Fig. 7, lOR. 1-0).—Extending 
from the post-orbital process of the frontal there is a chain of 
small thin tubular bones, running below and in front of the 
orbit up to the lacrymal. They are superficially imbedded 
in the facial muscles. They are six in number, and the first 
three belong to the descending series, wliile the others to the 
ascending series, and are traversed by the suborbital portion 
of the lateral line canal. 

(b) Lacrymal (Fig. 7, LA.).—Lying m front of the last 
infraorbital and belonging to the same series is the lacrymal 
bone. On its inner side it articulates with the facet presented 
by the ectethmoid on its aiiterolatc^ral surface. The lacrymal 
has a long posteriorly directed spine-like process and a broad 
inwardly directed plate. The sensory canal traverses the 
posterior margin of the broad i)orti()n and o])ens to the exterior 
anteriorly. 

(c) Nasals (Fig. 7, X.)—These are two small tubular 
bones l^ing in front of the frontals and on either side of the 
supraethmoid. They are not directly articulated to the 
cranium, but are imbedded in connective tissue. The supra¬ 
orbital portion of the sensory (^anal emerges out of the anterior 
portion of the frontal and then passing through the nasal 
opens to the exterior in front. 

IV. Maxillary Series, 

{a) Premaxillarics (Figs. L and 8, PMX.).—They are 
attached firmly to the ventral surface of the anterior cornu 
of the supraethmoid. Each is more or less a rectangular 
bone, bearing on its ventral face seven to eight rows of 
pointed teeth. The two bones meet each other in the middle 
line. Dorsolaterally it is attached by ligament to the maxillary 
and the palatine. 

(b) Maxillaries (Figs. 1 and 8, MX.).—The maxillary, 
as is well known, is a very much reduced bone in the Siluroids. 
It is edentulous and lies at right angles to the long axis of the 
skull. It is slightly thicker at the base having tw^o knob-like 
processes and pointed at the tip. Its main function is to 
support the maxillary barbel. The cartilage of the barbel is 
lodged in the groove present on the posterior surface of the 
bone. It is attached to the premaxillary by means of liga¬ 
ment, and it also articulates with the palatine by the two knobs 
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at its base. It is capable of considerable movement: when 
the palatine is pushed forward the pointed end of the maxillary 
is directed backwards, and whilst the former is withdrawn, the 
latter is pushed forward. 

V. Palatoquadrate and Hyomandibular Series, 

{a) Palatines (Figs. 1 and 8, PAL.).—The palatine is a 
long rod-like bone articulated on to the lateral surface of the 
ectethmoid, and lying parallel to the long axis of the skull. It 
has undergone considerable modification from the normal 
structure. It has lost its attachment witli the pterygo- 
quadrate bar. It is thin in the middle and is thicker at its two 
ends. Cartilage is present at the two tips. On the inner side 
of tlie posterior lialf of the bone is an articular facet for arti¬ 
culation with ectetlimoid. The anterior end articulates with 
the maxillary and also is connected with the prernaxillaries by 
ligament. 

(h) Ectoptcrygoids (Figs. 1, 7 and 8, ECP.).—It is a small 
bone firmly attached to the lateral surfa(*e of the orbitosphenoid 
and also partly spreading over the vomer. It simply touches 
a portion of ectethmoid. Though it articulates with the anterior 
end of the metapterygoid it has lost its firm connection with 
the pterygoquadrate bar. When the ptery go quadrate bar is 
detached from the cranium the ectopterygoid actually remains 
attached to the orbitosxdienoid and the vomer. 

(c) Meta pterygoids (Figs. 1 and 8, MPT.).—The anterior 
thick end of the metapterygoid articulates in front with the 
small ectopterygoid and to a slight extent with the orbito¬ 
sphenoid. The bone becomes broader in the middle and again 
tapers backwards. On the upper side there is a longitudinal 
notch in which the bone is ridged. The posterior side is highly 
split up for interdigitation with the anterior limb of the qua¬ 
drate. There is no direct connection of the metapterygoid 
with the hyomandibular. 

(d) Quadrate (Figs. 1 and 8, Q,.).—On the lower side of 

the hyomandibular and in front of the preopercular is the more 
or less triangular quadrate. The postero-ventral portion of 
this bone is thick and presents the grooved articular surface 
for the mandible. In front it interdigitates with the meta¬ 
pterygoid, above with the hyomandibular, and posteriorly with 
the preoperculum. In between the preopercular and hyo¬ 
mandibular articulation there is a small rectangular area filled 
with cartilage. This unossified piece of cartilage represents 
the symplectic. ^ 

(e) Hyomandibular (Figs. 1 and 8, HM.).—The hyomandi¬ 
bular is a huge, flat bone which connects the pterygoquadrate 
bar with the cranium. The upper side is arched and fits into 
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the articular facet (already described) on the cranium present¬ 
ed by the sphenotic and the squamosopterotic. Projecting 
antero-dorsally is a small process which articulates on a smooth, 
shallow depression on the alisphenoid. Near the anterior 
margin is a foramen for the passage of the ramus hyomandi- 
bularis facialis. There is a knob on its posterior side for the 
articulation of the operculum. The bone is covered with a 
few' ridges both on the inner and outer surfaces for the inser¬ 
tion of adductor muscles. Ventrally it articulates with the 
operculum and the preoperculum. 

VI. Mandibular Series, 

The mandible consists of two limbs, each of which is form¬ 
ed of the dentary and the articular bones. 

(a) Dentary (Pigs. I and 8, D.).—It is a curved bone 
slightly tapering anteriorly and united by ligament with its 
fellow of the opposite side at the symphysis. The upper sur¬ 
face is broad and is covered completely with teeth. A few' 
rows of teeth at the anterior margin are rather small and point¬ 
ed, and from there backwards they gradually increase in size 
and assume beaded nature. On the anteroventral surface is a 
series of six sensory canal openings. On the posterior portion 
of the inner surface is a groove which lodges the Meckel’s car¬ 
tilage. There are also a few nerve foramina on the inner surface 
of tliis bone for tlie passage of the small twigs of the mandibular 
branch of the 5th nerve. Posteriorly there is a small dorsal 
ridge at the place where it interdigitates with the articular. 

(/>) Articular (Figs. 1 and 8, ART.).—The articular is a 
massive bone possessing posteriorly the articular facet for the 
quadrate. On its inner surface is the posterior portion of the 
Meckel’s cartilage. The angular is fused on with the articular. 
There is a portion of the lateral line canal passing through the 
ventral region of the bone. It articulates in front with the 
dentary and posteriorly with the quadrate. 

VII. Opercular Series, 

(a) Operculum (Fig. 1, OP.).—It is more or less, a flat, 
triangular bone with a concave articular surface for articula¬ 
tion with the knob on the hyomandibular. The outer surface 
is sculptured. The low'cr apical end is connected with the 
interoperculum by means of ligament. 

(b) Interoperculum (Fig. 1, lOP.).—This is a small bone 
which is attached by means of ligament dorsally with the apex 
of the operculum, on the inner side with the upper portion of 
the epihyal, and anteriorly with the mandible. The sub¬ 
operculum is absent in Rita, 
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VIII. Lateral Line System. 

The lateral line sense canal on either side of the body divides 
into two branches before entering the skull. Tlie post-tem¬ 
poral receives these branches by two independent openings 
and passing through th('. bone, the outer branch enters the 
squamoso-pterotic directly while the inner passes through the 
supratem]3oral before entering the squamoso-pterotic. The 
two branches unite together in the squamoso-pterotic and 
sends out a lateral branch which passes downwards through the 
subtemporals, preopercular, articular and the dentary, form¬ 
ing the preopercular mandibular branch. Then the main canal 
passes forwards and enters the sphenotic. At the anterior end 
of the sphenotic it divides again forming the outer—infra¬ 
orbital branch—which passes through the thin, tubular infra¬ 
orbitals and the laerymal; anti the inner—supraorbital 
branch—which passes through the frontal and tlu^ nasal. 
Finally, the two branches open to the outside in the region of 
the snout. 

Summary. 

The skull of Rita hucliana7il is comparatively massive 
indicating inefficient ossification. Cartilage still persists con¬ 
siderably in all the i)arts of the cranium, hyomandibular and 
palatine and as Meckel’s cartilage. Except for small patches 
of interdigitation, the cartilage bones in the cranium are separat¬ 
ed by tracts of intervening cartilage. Besides, the bones 
themselves are not very well ossified ('xc(^pt for the inner and 
outer surfaces. 

The cranium is platybasic, the cranial cavity extending 
widely between the orbits to the ethmoid region. There is 
the median supraethmoid and the two lateral ectethmoids. 
The two nasal fossae are partly separated by a thin cartila¬ 
ginous internasal septum. On the ventral side of this region 
is the single, large, bilobed, toothed vomer. Posterior to this is 
the sphenoid region with the single boat-shaped orbitosphenoid, 
the two winglike alisphenoids, the suprasphenoid and 
the parasphenoid. The floor of the cranial cavity in this region 
is formed by the basal portion of the orbitosphenoid and the 
suprasphenoid. The lateral walls are constituted by the upward 
extensions of the orbitosphenoid and the alisphenoids. The 
suprasphenoid is firmly fused with the dorsal surface of the 
posterior half of the long parasphenoid. There is no inter¬ 
orbital septum. The cranial cavity in the auditory region is 
wide and there are all the otic bones except the opisthotics. 
The floor of the cranial cavity in this region is formed by the 
inward extensions of the ventral portions of the prootics which 
meet each other in the middle line. The prootics are firmly 
attached to the parasphenoid and basioccipital. Hence the 
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myodome is completely absent. Lastly, there is the occipital 
region which forms the posterior wall of the cranium. The 
basioccipital has a large oval articular surface for the vertebral 
column and two short processes laterally one on each side for 
the inferior limb of the post-temporal. On the two sides of the 
foramen magnum are the exoccipitals. The upper portion 
of the posterior wall is formed by the supraoccipital. There is 
a strong supraoccipital process. On either side of the postero¬ 
lateral angles of the cranium is the small supratemporal form¬ 
ing the roof of the post-temporal fossa into which the epiotic 
limb of the post-temporal fits. Communicating with the post¬ 
temporal fossa by a wide foramen and situated in front of 
it, is the pre-epiotic recess. 

The posterior region of the cranium is roofed by the supra¬ 
occipital. The parietals are absent. In front of the supra¬ 
occipital are the two frontals. There is a fontanelle between 
the anterior portions of the frontals, bcdiind tlie supraethrnoid. 

The post-temporal is firmly articulated with the cranium. 
The bifid anteriorly directed spinous process of the fourth 
vertebra articulates with the suinaoccipital and the (‘xoccipitals 
above the foramen magnum. 

Connected with the lateral line canal are the small tubular 
bones, infraorbitals, lacrymals, nasals and subtemporals. The 
preoperculum also belongs to this scries. 

There are two pterygoid bones, the ecto- and the meta- 
pterygoid. The ecto})terygoid and the palatine have lost 
their firm connection with the pterygoquadrate bar, being 
connected with it only by connective tissue. The latter is 
modified into a rod-like bone. 

The maxillary is very much reduced in size, edentulous and 
acts as a support for the maxillary barbel. The premaxillaries 
are small fiat bones with sharp teeth. 

In the opercular series the suboperculum is wanting. 

There are only two elements in the lower jaw—the dentary 
and the articular; the angular is fused with the latter. 

PART n. SHORT DESCRIPTIONS OF THE CRANIOLOGY 
OF CERTAIN OTHER SILUROID FISHES AND 
THEIR PHYLOGENETIC RELATIONSHIPS. 

A. The Skull of Silundia gangetica. 

The cranium of Silundia (Pig. 10) is broad and convex on 
the dorsal surface. A posteriorly directed portion of the 
ectethmoid meets the splienotic outside the frontal. There is 
a gradual slope from the supraoccipital to the supraethrnoid 
bone. There are three fontanelles in the roof of the cranium. 
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The sui)raoccipital spine is prominent but it does not, however, 
extend backwards of the occipital region. Continued ven- 
trally from the spine is the supraoccipital ridge. The two 
antorbital processes of the ectethmoids are prominently seen 
in the anterior region. 

Ventrally the parasphenoid axis is straight. There is 
a T-shaped toothed vomer. The cranial cavity in front of the 
auditory region is narrow. The alispheiioid, downward exten-* 
sion of the frontal and the lateral wall of the orbitosphenoid 
of one side are closely apposed with the corresponding fellows 
of the other side leaving only a narrow space through which 
the olfactory nerves pass forwards. In front of the audi¬ 
tory region and on the outer sides of alisphenoids are two wide 
shallow cavities each bounded by the alisphenoid, frontal and 
the sphenotic. In front of the orbitosphenoid there is a vertical 
cartilaginous septum. The olfactory capsules are wide apart. 

The ridge on the dorsal surface of the supraoccipital spine 
is continuous anteriorly with a crescentic ridge over the posterior 
portions of the frontal and the sphenotic. Posterior to this 
ridge the cranium slopes backwards. On either side of the 
supraoccipital, there is an arcade formed by the meeting of 
a small rodlike postero-lateral process of the supraoccipital 
with a similar process of the epiotic directed anteriorly inwards. 
There is another thin splint-like process of the supraoccipital. 
The supraoccipital does not contribute to the formation of the 
foramen magnum. Posteriorly the nerve openings in the 
exoccipitals, on either side of the foramen magnum, are very 
wide. 

The post-temporals are not strong and are not articulated 
firmly with the cranium. Bach has the usual epiotic and basi- 
occipital limbs. There is no regular articular process on the 
basioccipital for the lower limb of the post-temporal. In front 
of the epiotic limb of the post-temporal is a scale-like supra- 
temporal which is articulated with the epiotic and the aqua- 
moso-pterotic. 

The orbitosphenoid is fairly big and the two upwardly 
directed lamellsB fuse with each other in the upper region of 
the anterior portion leaving an olfactory passage. The supra- 
sphenoid is fused with the parasphenoid. The remarkable 
feature about the primitive skull of Silundia is the presence of 
the vestige of the myodome. The prootics do not articulate 
wdth each other in the middle line throughout their length, 
but only the posterior halves of the bones send inward pro¬ 
cesses which meet each other. These are not firmly pressed 
over the parasphenoid and the basioccipital but leave a small 
space which is closed behind. This small recess floored by the 
18 F 
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parasphenoid and roofed by the prootics, though very small 
corresponds morphologically to the eye-muscle-canal. 

The bones are highly vacuolated and spongy. Cartilage 
persists to a very great extent in all the parts of the cranium. 
Masses of unossified cartilage can be seen between the inner 
and the outer lamellae of the cartilage bones. 

The infraorbitals and the nasals are thin, tubular bones. 

The pterygoquadrate bar is articulated with the cranium 
posteriorly through the hyomandibular and anteriorly by the 
ento- and cctoptcrygoids. The entbpterygoid is a very small 
bone. The ectopterygoid is toothed and the teeth are in con¬ 
tinuation with those of the vomer. Thus there are all the 
three pterygoid bones—ento-, ecto- and metapterygoids. The 
symplectic cartilage is present The palatine, unlike in other 
forms, is scale like. It articulates on its inner side over the 
ectethmoid and anteriorly with the maxillary. 

The premaxillarics are attached to the ventral surface 
of the supraethmoid. The maxillaries are small, edentulous 
and support the maxillary barbels. 

The suboperculum is absent. 

The mandible consists of the dentary and the articular. 

B. The Skull of Plotosus canius. 

The upper surface of the cranium is flat and slopes gradu¬ 
ally from behind forwards (Fig. 11). The ethmoid region tapers 
anteriorly from the antorbital i^rocesses of the ectethmoids 
ending in the supraethmoid cornu. The ectethmoid does not 
meet the sphenotic. There are two fontanelles on the upper 
surface of the cranium. In the middle of the supraoccipital 
is a small foramen leading into the cranial cavity. The supra-' 
occipital process is smaU. 

Ventrally there is a broad triangular vomer with a pos¬ 
teriorly directed articular process. It is covered with molari- 
form teeth imbedded in sockets. The foramen magnum is very 
wide and is bounded entirely by the exoccipitals. The complex 
vertebra articulates with cranium both by the centrum and 
also by the spinous process of the fourth vertebra. The post¬ 
temporal is weak. There are two supratemporals on either side, 
one’ of which is a small ossicle. The subtemporal foramen 
on the lateral surface of the squamoso-pterotic opens into the 
cranial cavity. 

Internally the cranial cavity extends widely to the anterior 
region. Only the posterior halves of the prootics meet each 
other in the middle line, and are firmly pressed over the para¬ 
sphenoid and the basioccipital. Hence the eye-muscle canal 
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is completely absent. A small area of the parasphenoid 
between the prootics and the suprasphenoid forms the floor 
of the cavum cranii. The suprasphenoid is fused with the 
parasphenoid. In front of the orbitosphenoid is a cartilagi¬ 
nous internasal septum. 

The infraorbitals are very thin and tubular bones. 

There are wide tracts of cartilage betwccui the cartilage- 
bones and the bones themselves are not well ossifled. 

The pterygoquadrate. bar articulates with the cranium 
through the hyomandibular posteriorly and by the ectoptery- 
goid anteriorly. At the anterior end of the articular surface 
of the hyomandibular is an anterior process which fits into a 
groove in the alisphenoid. The symplectic cartilage is broad. 
The quadrate is not directly articulated with the hyomandi¬ 
bular but only through the preopercular, symplectic cartilage 
and the metapterygoid. The palatine is comparatively big. 
It is rod-like anteriorly and broad posteriorly. 

The premaxillaries are broad. The maxillaries are fairly 
big and the groove for the insertion of the cartilage of the 
barbels is not well developed. 

The mandible is strong. The dentary is covered with 
molariform teeth. Angular is fused with the articular. 

There is an operculum, an inter-operculum and a small, 
rudimentary suboperculum. 

C. The Skull of Wallago attu. 

The cranium (Fig. 12) is deeply situated and is rather 
flat sloping slightly forwards and backwards from the middle 
of the supraoccipital. There is a small supraoccipital crest. 
There are two narrow fontanelles on the ui)per surface of the 
cranium. The posteriorly directed limb of the ectethmoid 
meets the anterior portion of the sphenotic outside the frontal. 
The lateral line canal is not deeply situated ; the sphenotic 
and the frontal portions run partly in the grooves on the upper 
surface of the bones. The antorbital processes of the ecteth- 
moids are prominent. 

The parasphenoid axis is straight. The vomer is T-shaped 
with two postero-laterally directed small patches of sharp 
teeth. There are two shallow wide fossae in front of the audi¬ 
tory region as in Silundia, The cranial cavity is spacious in 
the au^tory region and is narrow in front. The lower ends 
of the prootics meet in the middle line and are firmly pressed 
over the parasphenoid and basioccipital. The orbitosphenoid 
is big and in front of it is a cartilaginous septum in continua¬ 
tion of which bony septum is developed by the supraethmoid* 
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There is no well-defined posterior surface of the cranium 
since there is a gradual slope from the supraoccipital backwards. 
The foramen magnum is triangular and is formed by the ex- 
occipitals. The post-temporal is loosely attached to the 
cranium. The inferior limb of the post-temporal is weak and 
is inserted into a depression on the lateral side of the basi- 
occipital. 

The infraorbitals are four in number, the first and the 
third are fairly long, of which the latter articulates on the 
ectethmoid. There is a small lacrymal and a thin, tubular 
nasal bone on each side. 

Externally the cranium appears to be well ossified. But 
when the bones are detached and examined, persisting cartilage 
could be seen in all the cartilage bones. 

The pterygoquadrate bar consists of a small ectox)tery- 
goid, metapterygoid and quadrate. The articular facet on tlie 
cranium for the hyomandibular is almost formed by the splie- 
notic. The symplectic cartilage is small and narrow. The 
palatine is a very small bone. 

Comparatively the maxillary is long with two knobs at 
the base and a groove on its inner face. The premaxillary is 
exceptionally large measuring slightly more* than half the 
length of the cranium and bears rows of sharp curved teeth. 
Hence the fish has a very wide mouth. 

The dentaries are also long with sharp teeth. The angular 
is fused with the articular. The suboperculum is absent. 

D. SkulJj of Panganus Imchanani, 

y 

The cranium (Fig. 13) exhibits three prominent lateral 
processes on each side formed by the supraethmoid, ecteth- 
moids and the upper limb of the post-temporals and along supra¬ 
occipital process behind. All the bones are sculptured. 
Postero-laterally there is a cranial foramen which opens into 
the pre-epiotic recess. 

On the ventral surface is a small T-shaped, toothed vomer 
with a short anterior process. The basioccipital is massive 
and broad. Laterally the foramen for the passage of the fifth 
and the seventh nerves is wide and is almost entirely bounded 
by the alisphenoid. The squamoso-pterotic does not con¬ 
tribute to the articular facet for the hyomandibular. It is 
formed by the lateral surface of the sphenotic and partly by 
the alisphenoid. On the upper portion of the orbitosphenoid 
and in front of it are two wide openings communicating the 
cranial cavity in this region with the exterior. 

Posteriorly the long supraoccipital process is very con¬ 
spicuous and measures slightly more than half the length of the 
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cranium. The first centrum is firmly articulated with the 
basiocciintal. The complex vertebra articulates firmly with 
the split postcro-ventrally directed processes of the basiocci- 
pital and also by the spinous process of the fourth vertebra 
with the supraoccipital ridge and the exoccipitals. The i)ost- 
temporals are thick and are firmly attached to the cranium. 

The cranial cavity extends widely to the ethmoid region. 
There is no eye-muscle canal. In front of the orbitosphenoid 
is a vertical cartilaginous septum. 

There are strips of cartilage separating the cartilage bones. 
The bones are fairly well ossified. 

The infraorbitals are small, thin bones. There is a small 
subtemporal above the preoperculum. 

The pterygoquadrate bar is composed of a small ccto- 
pterygoid, metapterygoid and the quadrate. The palatine has 
the usual rod-like shape. 

The premaxillaries and the maxillaries have the normal 
structure. 

The mandible consists of the dentary and the articular. 

The suboperculum is absent. 

E. The Skull of Macroncs aor. 

The cranium (Fig. 14) is long and is compressed dorso- 
ventrally in the anterior region. The dorsal surface is more 
or less uniformly wide throughout. The supraoccipital pro¬ 
cess is long and narrow. There are two fontanelles on the 
upper surface of the cranium. The eciethmoid does not meet 
the sphenotic. On the ventral surface is a broad toothed 
vomer. 

On either side of the postero-lateral corner of the cranium 
is a deep fossa open posteriorly, floored by the inner ridges of 
the squamoso-pterotic, supraoccipital and the upper surface 
of the epiotic and roofed by the squamosopterotic, supraocci¬ 
pital and the supratemporal bones. This fossa is termed post- 
temporal fossa in Macrones by Bridge and Haddon. The 
epiotic limb of the post-temporal fits into this fossa. The post¬ 
temporal is excavated on the posterior face for reception of 
the anterior end of the air-bladder. 

The bassioccipital has tvro postero-mesially directed 
accessory articular processes. The complex vertebra articulates 
secondarily with these processes and also by the spinous process 
of the fourth vertebra on the supraoccipital and the exocci¬ 
pitals above the foramen magnum. 
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There is no trace of the myodome. The orbitosphenoid 
is long. There is a thick horizontal piece of cartilage between 
the two ectethmoids. The nasal fossae are wide apart. 

There are small strips of cartilage separating the cartilage 
bones. The bones arc well ossified. 

The infraorbitals and the nasals are thin, small bones. 

The pterygoquadrate bar consists of a very small, curved 
ectopterygoid, metapterygoid and the quadrate. The sym- 
plectic cartilage is present. The palatine is a thin rod-liko 
bone. The premaxillaries are covered with fine sharp teeth. 
The maxillaries are long with the groove on their inner surface. 

The opercular and the mandibular elements are normal. 

F. The Skulls of Arim sona and Arius sagore. 

The cranium of Ariun sagore (Fig. 15) is broad and com¬ 
pressed, and there is a single fontanalle above the orbitosphenoid 
while the cranium of A. sona (Fig. 16) is long and has two, 
an anterior large and a posterior small, fontanellcs. All the 
bones on the upper surface arc compactly articulated in A . sagore 
but in A. sona there are two pairs of small open spaces, one 
in the anterior region bounded by the cctethmoid and the 
frontal, and the other in the postero-lateral corner between 
the post-temporal, squamoso-pterotic and the supra temporal. 
The upper surfaces of the roofing bones are granulated. The 
supraethmoid is broad. There is a broad supraoccipital pro¬ 
cess. Portion of the epiotic has become superficial on the dorsal 
surface and is granulated. 

The parasphenoid axis is concave and the parasphenoid 
is broad anteriorly. It has two antero-laterally directed thin 
pointed processes one on each side, in front of the optic fora¬ 
men, over which the optic nerve passes to the eye. The vomer 
is small and has two oval patches of sharp teeth. In another 
Arius sp. the vomer is very small and edentulous and there 
arc tw^o very prominent ectethmoid knobs. The auditory 
recesses are spacious and consequently the auditory bones arc 
pushed out on the sides to form prominent rounded bulte in the 
postero-lateral region of the cranium. The ear-ossicles are big. 

The remarkable feature about the posterior region of the 
skull of Aritis is the firm articulation of the complex vertebra 
with the cranium. The complex vertebra is long and is formed 
by the fusion of 7 to 8 vcrtebric. The two postero-ventrally 
directed articular processes of the basioccipital, which have 
been described in other crania, have fused together enclosing 
a small circular canal for the passage of the hsemal artery. 
This broad split surface of the basioccipital articulates inti¬ 
mately with a similar surface of the complex centrum and 
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forms a ventrally directed sub-vertebral process. There is 
a rigid articulation of the spinous process of the fourth vertebra 
with the supraoccipital and the exoccipitals above the foramen 
magnum. Besides, there are two lamellar i)orti()ns of the 
epiotics directed postero-inwards which firmly interdigitate 
with similar antcro-laterally directed transverse processes of 
the fourth vertebra. Bridge and ITaddon^ have stated that 
the postero-inwardly directed ridges are j)roces8es of the supra¬ 
occipital. This is clearly an erroneous observation. Though 
the processes pass immediately by the side of the supraoccipital 
they are actually lamella? of the epiotics. The post-temporal 
fossse are absent and the supratemporals are comparatively 
broad. The post-temporal is firmly articulated with the cranium. 
In A, sagore there are a few small bony ossicles posterior to 
the post-temporal enclosing portion of the lateral line canal. 

There is no trace of the myodome. The suprasphenoid 
is fused with the parasphenoid. The cranial (*.avity stops short 
about the middle of the orbitosphenoid. The two olfactory 
nerves pierce through independent openings in the anterior 
portion of the orbitosphenoid which continue into the ecteth- 
moids. The olfactory capsules are wide apart. There is a 
thick, horizontal sheet of cartilage between the two ecteth- 
moids. 

All the bones are well ossified. 

In A. Mgare the infraorbitals are thin and tubular but 
in A. sona they are thick and sculptured on the outer surface. 

The hyomandibular possesses a thick anterior process. 
There is a long strip of symplectic cartilage. The metapterygoid 
is broad. The (Uitopterygoid is covt^red with sharp teeth and is 
articulated on the ventral surface of the ectethmoid. The 
metapterygoid is connected with the ectopterygoid only by 
connective tissue. The palatine is comparatively very small 
and rod-like. 

The maxillaries, the mandibles and the opercular apparatus 
are normal. 


G. The Skull of Osteogeneosus militaris . 

The anterior and posterior regions of the cranium (Fig. 17) 
are broad while it is narrow in the middle. There is a 
wide fontanelle over the orbitosphenoid, posterior to which is 
another smaller one. There is an arcade on either side in the 
anterior region formed by the junction of the antero-laterally 
directed limb of the frontal with a postero-laterally directed 
portion of the ectethmoid. The lateral upper surface of the 
ectethmoid is broad and is covered with honey-combed struc¬ 
ture probably for the Icjdging of some glandular body. The 
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supraoccipital process is prominent. The bones are covered 
with granules and some are also sculptured. 

The parasphcnoid axis is concave. There is a very small 
edentulous vomer. The optic foramen is small, pushed back¬ 
wards and is almost completely bounded by the suprasphenoid; 
The auditory biillje are prominent. 

In the posterior region, the firm articulation of the complex 
vertebra with the cranium is almost exactly similar to the 
condition found in Arius, The post-temporals and the supra- 
temporals are rigidly attached to the cranium. There are no 
post-temporal fossse. 

The cranial cavity does not extend in front of the orbito- 
sphenoid. There arc two very small foramina in the anterior 
portion of the orbitosphenoid for the passage of the olfactory 
nerves. The nasal capsules are formed by the supraethmoid. 

The bones are well ossified. 

The infraorbitals and the nasals are small and tubular. 
The ectopterygoid is broad and is covered with molariform 
teeth. It is articulated on the ventral surface of the ectethmoid 
and the orbitosphenoid and by means of connective tissue with 
the metapterygoid. The palatine is thick and has a broad 
articular surface on its inner side. 

The mandible is normal. 

The opercular apparatus consists of the operculum, inter¬ 
operculum and a small, vestigeal suboperculum. 

DISCUSSION AND SUMMARY. 

Among the eight forms of siluroid fishes that have been 
described there is a progressive growth both in the ossification 
and the specialisation of the skull, more or less, in the follow¬ 
ing order: Silundiaj Plotosus, Wallago, Rita, Pangasius, Mac- 
rones, Arius and Osieogeneosus, A survey of the osteological 
features of these forms reveals that the SiluridsB exhibits certain 
primitive characters indicating its origin from the primordial 
Teleostcan fishes. But the advanced forms like the Arius and 
Osieogeneosus, however, possess very highly specialised features 
which have developed in the family through the long age it has 
survived. The group had attained a high degree of specialisation 
even as far back as the Eocene times since a species of Arius — 
Arius egertoni —^has been described from the Barton clay (Upper 
Eocene) of Hampshire. 

The platybasic nature of the siluroid cranium, as in ganoid 
fishes, is a primitive character. While the cranial cavity passes 
over the orbitosphenoid to the ethmoid region in all the forms 
it stops short above the middle of the orbitosphenoid in Arius 
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and Osteogeneosus and only the olfactory nerves pierce separately 
through the orbitosphenoid and ectethmoids. In Arius and 
Osteogeneosus the cranium cannot strictly be regarded as platy- 
basic and the anterior half of the orbitosphenoid forms to some 
extent the interorbital septum. 

The presence of a well-developed orbitosphenoid is also 
an archaic feature. But its iKTsistence even in the 
highly specialised forms is probably due to its position to 
strengthen the attachment of the ethmoid region with the rest 
of the cranium. Gregory-’ explains this point thus: “In the 
midst of these and other specialisations the orbitosphenoid 
element is strongly developed, perhaps because it is needed to 
stiffen the immense skull and the nuchal spine.*’ Tate Kegan^" 
states that the suprasphenoid (basisphenoid) is absent. 
But this element is fused with the parasphenoid and can be 
made out in all the forms under consideration. The vomer is 
large and toothed in the primitive forms, whereas it is very 
small and edentulous in the advanced Osteogeneosus and a 
species of Arhts, 

The possession of superficial covering bones is regarded as 
a primitive character.’’ But the superficial nature of the 
bones in the skulls of the advanced Siluroids is only a secondarily 
acquired feature. This can clearly be made out by the fact 
that the skull is deeply situated in the primitive genera 
{Silundia, Wallago and Plotosus) whereas it becomes gradually 
superficial among the higher forms {Rita, Pangasius, Arius 
and Osteogeneosus) in which the bones are covered with denticles 
and are compactly articulated, forming strong protective shield 
in some forms, Goodrich’! points out : “It is, of course, 
possible that the denticles on the surface of the body of the 
Siluridw have been, so to speak, reacquired ; the bony plates 
on which they rest seem to be secondary, since they often 
overlie the normal bones of the skull.” 

The eye-muscle canal or the myodome is said to be 
completely absent in Siluridw. It is absent in all the forms 
under consideration, except in the primitive Silundia in which 
a definite, though very small, vestige of the myodome persists 
between the prootics and the parasphenoid and basioccipital. 
This clearly indicates that the myodome 'was well developed 
and functional in the ancestral forms of the Siluroids. 

The extent to which the hinder portion of the cranium is 
excavated and the supraoccipital process developed may be 
taken, more or less, as a measure of advancement, since in the 
Pre-Cretaceous bony fishes the back of the cranium is nearly 
flat and the supraoccipital process absent (Woodward). There 
is no well-defined posterior surface in the cranium of the primi¬ 
tive Silundia and Wallago and the cranium in these Ashes slopes 

19 F 
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backwards from the posterior end of the frontals. But in all 
the other forms the posterior surface of the cranium is 
vertical and is slightly excavated and there is a broad and 
massive supraoccipital process which has developed in response 
to the dorsal trunk muscles for their attachment. 

A remarkable degree of specialisation is reached in the 
higher forms {Arius and Osieogeneosus) in the firm articulation 
of the complex vertebra and the post-temporal with the cranium. 
Besides the normal attachment of the vertebral column to the 
skull through the centrum of the first vertebra, the complex 
vertebra is firmly united with the cranium by three secondary 
articulations also, viz,^ through (1) the sub-vertebral process, 
(2) the transverse process of the IV vertebra with the epiotic 
lamelLe, and (3) the spinous process of the TV vertebra with the 
supraoccipital and the exoccipitals above the foramen magnum. 
In the primitive forms, however, the vertebral attachment is 
not very strong. 

There has been some confusion regarding the number of 
pterygoid bones in Siluridce. It is stated by Kingsley'^ 
that there is only one pterygoid (metapterygoid). The ptery¬ 
goid bones—ecto- and metapterygoids—are present in all the 
forms under consideration. There is a small entopterygoid 
also in Silundia. The ectopterygoid is small and is firmly 
articulated to the anterior end of the metapterygoid in the 
primitive Silundiamd Plotosus, and it is toothed in the former. 
In other forms the ectopterygoid is small and is detached from 
the metapterygoid being connected with it only by connective 
tissue. Kindred^has described a small ectopterygoid in 
Amiurus catus. The metapterygoid has moved upwards and 
articulates both with the hyomandibular and the quadrate. 

Both the maxillary and the palatine have undergone a 
great modification. The former is reduced to a very small, 
edentulous bone which merely supports the maxillary barbel. 
The palatine has assumed a rod-shape and has moved consider¬ 
ably forwards losing its firm connection with the pterygo- 
quadrate bar. 

The opercular bones are comparatively small and the 
operculum and intcroperculum are constant elements in all the 
Siluroids. The suboperculum is said to be absent in this family. 
It is absent in all the forms except in Plotosus and Oateogeneosus 
in which there is a very minute rudimentary suboperculum. 
Mac-Murrich^- states that the first branchiostegal ray represents 
the suboperculum in Amiurus. But the presence of a 
vestigeal suboperculum in some forms clearly shows that the 
branchiostegal ray cannot be homologised with the suboper¬ 
culum. Moreover Kindred^® has pointed out the presence of 
a small suboperculum in Amiurus catus. 



Morphology op the Skull op Indian Catpishes 259 


While the skulls of lower forms {Silundia and Flotosus) 
retain considerable amount of persistent cartilagje, those of the 
higher forms {Arius and Osteogeneosus) have undergone complete 
ossification except for a small sheet of ethmoid cartilage. 

The parietal, opisthotic, symplectic and generally a ptery¬ 
goid and suboperculum are absent from the Siluroid skull. 
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LIST OF ABBREVIATIONS USED. 


a. font. 

. . Anterior fontamdle. 

Aljlrt. 

.. Alisphenoid. 

ART. 

Articular. 

ART OP. 

.. Articular surface for th(* operculum. 

ART PT. 

.. Articular surface for the post-temporal. 

an ua. 

Auditory capsule. 

BL. 

.. Basioccipital limb of the post-temporal. 

BO. 

.. Basioccipital. 

csi. 

.. Cavum sinus imparis. 

D. 

.. Dentary. 

ECP. 

.. Ectopterygoid. 

EOT. 

.. Ectethmoid. 

EL. 

.. Epiotic limb of the post-temporal. 

EPL. 

.. Epiotic lamella. 

EPO. 

.. Epiotic. 
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EX. 

• > 

Exoccipital. 

fmg. 


Foramen magnum. 

font. 


Fontanelle. 

PR. 


Parental. 

HM. 


Hyomandibular. 

iiypg- 


Hypoglossal nerve foramen. 

int s. 


Internasal septum. 

TOP. 


Tntoroperculum. 

lOR. 


Infraorbitals. 

LA. 


Lacrymal. 

MPT. 


Metapterygoid. 

MX. 


Maxillary. 

IS. 


Nasal. 

ol ca. 


Olfactory capsule. 

or. 

• • 

Operculum. 

os. 


Orbitosphenoid. 

PAL. 

• • 

Palatine. 

p. font. 

• • 

Posterior fontanelle. 

PMX. 


Premaxillary. 

PREO. 


Preoperculum. 

PRO. 


Prootic. 

PS. 


Paraspherioid. 

PT. 


Post-temporal. 

ptf. 


Post-temporal fossa. 

Q. 


Quadrate. 

SET. 


Subtemporals. 

SE. 


Supraethmoid. 

SO. 


Supraoccipital. 

SOP. 


Supraoccipital process. 

SOR. 


Supraoccipital ridge. 

SOSP. 


Supraoccipital spine. 

SPH. 


Sphenotic. 

SQ PTR. 


Squamoso-pterotio. 

8S. 


Suprasphenoid. 

ST. 


Supratemporal. 

sym. cart. 


Symplectic cartilage. 

tfor. 


Temporal foramen. 

TRP IV VERT. 

Transverse process of the IV vertebra 

VO. 

. . 

Vomer. 

II. 

* . 

Optic foramen. 
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V. . . Trigeminal foramen. 

VII. . . Facialis foramina. 

IX. . . Glossopharyngeal foramen. 

X. . . Vagal foramen. 


EXPLANATION OF FIGURES. 

Fig. 1. The Skull of Rita huchanani. ( x|) 

(The Suborbitals and the hacrymals have not bef3n shown.) 

Fig. 2. The dorsal view of the Cranium of Rita bUchanani, 

(xj) 

Fig. 3. The ventral view of the Cranium of Rita huchanani, 

(Xj) 

Fig. 4. The lateral view of the Cranium of Rita huchanani. 
(x-J) 

Fig. 5. The posterior view of the Cranium of Rita huchanani. 
(xi) 

Fig. 6. The median view of the bisected Cranium of Rita 
huchanani. 

Fig. 7. Rita huchanani :—Side view of the anterior portion 
of the Cranium to show the .Suborbitals, Lacrymal 
and the Nasal. (xi) 

Fig. 8. Rita huchanani: —Maxillary, palatine, pterygoquad- 
rate bar and the lower jaw. ( x J) 

Fig. 9. Rita huchanani :—The post-temporal. (Natural Size.) 
Fig. 10. The Cranium of Silundia gangetica. (x 
Fig. 11. The Cranium of Plotosus canius. ( x 1) 

Fig. 12. The Cranium of Wallago attu. ( x \) 

Fig. 13. The Cranium of Pangasius huchanani. (xj) 

Fig. 14. The Cranium of Maorones aor. (xl) 

Fig. 15. The Cranium of Arius sona. ( xj) 

Fig. 16. The Cranium of Arius sagore. (x i) 

Fig. 17. The Cranium of Osteogeneosus militaris. ( x i) 
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REVIEWS, 


MARRIAGE HYGIENE. 

(VoL. 1, No. 1, Aihuist 1931.) 

We welcome into the ranks of Indian Scientific Journalism 
the lirst issue o[ Marriage Hygiene edited and puhlislied by the 
co-operation of the leadin^i: members of tlie medical profession 
in India. The j?et-up of the journal, which is printed and 
publish(‘d by the Times of India Press, Bomliay, and the choice 
of the contributions are worthy of tlu* objects which the 
(ulitors have set before tlKunselves. 

The nineteenth century is mark(‘d by tla* ^iTeat strid(\s 
man has taken, as a result of scientific developmc^nt, in tlu^ 
control of his environment and more parti(*ularly during: the 
last lifty years the progress of biological sdcmces has (Muphasised 
mairs solidarity witli the r(‘st of organic (*reation, both anatomi¬ 
cally and physiologically. It is bein^{ im'reasiuijly r(‘C()^»'nised 
by statesmen and leaders of ])ublic thou^dit that a s(*hoolin^!: 
in biological scieru'es is a very m‘cessary part of th(‘ (Mpiipment 
for j^ood citi/enshi]) ; heiici* any attempt to ediu^ati^ jiublic 
opinion in this direction should be a Wellcome (i(»])arture in 
th(‘ larger int(‘rests of our so(*i(‘ty. 

“To s(‘(*ure for th<‘ sci(‘nce of conju<(al hygiene a ])rop(‘r 

|jlac(‘ in pr(‘V(‘ntive medicine and jmblish contributions. 

necessary for s(*i(*ntitic and sane sex t(‘achinf 2 :” is the avowed 
aim of the JournaK Our society sutlers lar^>’ely b(‘cause we 
have alIow(‘d to be ^]:overn(‘d by sentim(*nt, a^(‘-()ld supersti¬ 
tions and traditions, nev(‘r for a moment allowin^^ the march of 
science to alter our so(‘ial fabri(*- or our general outlook on lif(‘. 
W(‘ hav(‘ no hesitation in sayin«' that a lar^‘(‘ measure of our 
dcunestic unha|)f)iness and otln/r so(‘ial ills are due to our woeful 
ignorance of (‘ven th(‘ (‘lementary fundamentals of biological 
s(‘ience which govern our actions in every-day lif(‘. Our so(*i(‘ty 
g(‘n(‘rally taboos all knowledge of S(‘x and sex-r(‘lations and 
looks upon th(‘ dissemination of such knowledge as highly 
obj(*ctionable, if not (h'tinitely criminal and has thus ordy 
succeeded in stimulating among th(‘ youngc^r generation an 
unhealthy curiosity about sox and sex-life. In the absence 
of organised instruction in schools and colleg(*s on this aspect, 
of our life, the only oth(‘r imdliod to educate public opinion 
is by journalistic ventures such as the one under r(‘vi<‘w. 
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Among tJie contributors to the Journal are some with 
international reputation and it is hoped that the Journal would, 
as suggested by Norman E. Himes, in due course enlist the 
co-operation of many more international figures whose ambi¬ 
tion has been to strive for the betterment of humanity. The 
first issue has no doubt the disadvantage of a number of 
articles extracted from the published works of the authors 
but we are given the pleasant anticipation of original contribu¬ 
tions from eminent men in the coming issues. Dr. Marie 
Stopes, the high-priestess of the cult of Birth-Control in the 
West, gives in an original article, a review of the several aspects 
of birth-control. The contribution of Julian Huxley is a very 
interesting and poi)ular exposition of the biological aspects 
of human development. The article of Dr. Rele on the role 
of the uterus in Hysteria is, as pointed out in the editorial 
notes, thought-provoking and throws new light on the role of 
the uterus on the metabolism of the individual. 

We wish the Journal a long and useful career. 


JOURNAL OF THE MATHEMATICAL SOCIETY. 

The Mlver Jubilee Commemoration Volume of the Journal 
of the Indian Mathematical Society is just out. In the earlier 
pages will be found reports relating to the history and the 
progress of the Society. Founded in 1907 by Mr. V. Rama- 
swami Aiyar, M.A., the Society* has now developed under 
an able and enthusiastic band of workers into the premier 
Society in India for the cultivation of mathematical study and 
research. It is interesting to note that the founder and several 
of its distinguished members and paper-contributors are men 
who are outside the teaching profession, but whose enthusiasm 
and love for mathematics arc extra-ordinary and praise¬ 
worthy. Besides the publication of a journal, the Society 
has been rendering a very useful service through its Library, 
which lends mathematical books and periodicals to all members 
of the Society. Frequent conferences, arranged at different 
centres, have contributed very much to the popularity of the 
Society, and to groux) the mathematicians of the different 
provinces into one homogeneous association. 

The Jubilee Volume which marks the completion of the 
quarter-century of the existence of the Society wdll be read with 
great interest by all mathematicians. Tlie section devoted 
to original papers fittingly begins with a paper by Prof. G. N. 
Watson, F.R.S., who gives the proofs of some ten formulae 
which the late Mr. S. Ramanujan, F.R.S., wrote down without 
23 r 
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proofs in his famous “Note-books”. The Jubilee Volume 
has a number of interesting papers of a high standard, by 
different Indian mathematicians—a fact, which goes to show 
the enormous progress that has been made in India in recent 
years as regards mathematical study and research, and no 
small part of the credit for this goes to the Indian Mathematical 
Society. Amongst these papers, special mention may be 
made of papers by S. S. Pillai, by S. Chowla and by S. M. 
Shah on the Theory of Numbers, by K. Ananda Rau on Elliptic 
Theta Functions, by C. N. Srinivasiengar on Singular Solutions 
of Differential Equations, by B. Ramamurti and by S. Krishna- 
murty Rao on w-dimensional Mathematics, and by M. R 
Siddiqi on Heat Conduction in Wave Mechanics. 



OBITUARY. 


THE LATE PROFESSOR P. SAMPAT IYENGAR, M.A. 

We deeply regret to record the premature death on Tuesday, 
24th July 1934, of Mr. P. Sampat Iyengar, retired Director- 
Professor of Geology in Mysore. Born in the year 1879 the 
late Mr. Sampat Iyengar graduated with distinction in Geology 
from the Central College in the year 1900, and was almost 
immediately appointed a junior officer in the Mysore 
Geological Department, from which position he rose to be its 
Deputy Director in January 1920. In July of the same year 
when the Professorship of Geology in the Central College fell 
vacant on the retirement of Mr. V. S. Sambasiva Iyer, Mr. 
Sampat Iyengar was appointed University Professor of Geology, 
which office he held till he retired from service in June 1932. 
In the meantime, Mr. B. Jayaram, Director of the Mysore 
Geological Dejiartmont, retired in 1927 and Mr. Sampat Iyengar 
was appointed also as the Director of the Department while 
continuing as Professor of Geology, and thus had the unique 
distinction of being the Director-Professor of Geology in Mysore 
for the years 1927-1932. 

During the long period of his active association with the 
Mysore Geological Department, Mr. Sampat Iyengar made 
several valuable contributions to the study of the Archaean 
rocks of India in general and those of Mysore in particular. 
Regarding his work as a Professor of Geology, it is no exaggera¬ 
tion to say that the present leading position which the Geology 
section of the University occupies among similar institutions 
in India and the reputation which it enjoys as a centre of geo¬ 
logical instruction and research is largely due to his untiring 
endeavours. In recognition of his eminence as a geologist, 
Mr. Sampat Iyengar was elected President of the Geology 
Section of the Indian Science Congress at Nagpur in 1920 ; 
and more recently, he was the President of the Geological, 
Mining and Metallurgical Society of India, Calcutta, for the 
year 1933-34. As a member of the Senate of the Mysore 
University, and of the University Council, Mr. Sampat Iyengar 
did valuable and useful service in the cause of University educa¬ 
tion in Mysore. 

As a man Mr. Sampat Iyengar possessed a ‘dynamic’ 
personality and had an enormous amount of enthusiasm for 
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work; and in all his actions, one could see his honesty of 
purpose and uprightness of character. lie was always true to 
himself—in thought, word and deed. He was very simple and 
unostentatious in his manners and those that had the privilege 
of moving with him intimately knew what a good “friend, 
guide and philosopher** he really was. In his death, we have 
lost a rare type of a great personality, a great geologist, a learned 
professor and more than all—a genuine friend. 

L. Eama Eao. 


162704.—’Printed at Tbe fianEalore Pkm, Mysore Road, Bangalore Ciijr, 
by T. Subramania Aiyar, Supeffottndent. 
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1. INTRODUCTION. 

The oldest rocks of the Mysore State are the Dharwar 
Schists, which are comparable to the Keewatin formation of 
IvTorth America. 1?hey are largely composed of lava flows, 
associated igneous intrusions and their crushed phases. The* 
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Bharwar System has been divided into a lower and an upper 
division on lithological and stratigraphical grounds. The 
lower division is formed essentially of rocks characterised by 
the presence of hornblende, such as hornblende schist and 
epidiorite ; chlorite is common in the upper division which 
is composed of rocks such as chlorite schist and mica chlorite 
schist. Apart from the schistose rocks, the Bharwars also 
comprise conglomerates, banded ferruginous quartzites, quart¬ 
zites and limestones, and all these rock types are considered 
in Mysore to be primarily igneous in character, though else¬ 
where similar rocks arc usually assigned a sedimentary origin. 
According to Smeeth and Sampat Iyengar, two of the foremost 
workers on the geology of Mysore, these rocks have been 
probably formed from igneous material by metamorphic and 
mctasomatic changes. Intruding into the Bharwar Schists 
are granites and gneisses of which several varieties have been 
recognised. 

Constituting a part of the Shimoga belt of Bharwar 
Schists, the Bababudan Hills form a well-marked and conspi¬ 
cuous I'ange in the Kadur Bistrict. They are disposed in 
the form of a horse shoe with the opening on the north-west 
at Hebbe ; but this opening is partially closed and gradually 
tapers out towards the south. Because of its characteristic 
shape, the range is known in the vernacular as “ chandni drona ” 
which means “ the crescent moon’\ The longer diameter of 
tlie more or less ring-shaped complex is about fourteen miles 
from east to west, and the shorter diameter nearly twelve 
miles from north to south. The crater-like centre within the 
ring is known as the Jagar Valley, which is well watered by 
the 8oniavahini river and its tributaries, the Tadavehalla 
and Wattehalla. The Somavahini does not originate in the 
Jagar Valley, but enters it through a gorge probably along 
a fault plane, between Malandur and Muttode. 

The range varies in height from 4,000 to 6,000 feet, while 
the surrounding country has an average elevation of about 
2,000 feet. It contains some of the loftiest peaks in the Mysore 
State such as Mulaingiri (6,310 feet), Kalhatti, Trishula, 
ll(‘.bbegiri and Kudragiri. The steep precipices, the thickly 
wood(Ml valleys and the grassy slopes of the higher regions 
lend tliemselves to beautiful scenic effects (Plate I, Fig. 1). 
The lower slopes are covered with extensive coffee plantations. 

An interesting feature of this range of hills is, that it is a 
place of pilgrimage for both Hindus and Mahomedans. One 
of the caves in Bababudan Peeta is supposed to contain the 
scat of Battatreya according to the former, and the latter 
believe that it contains the tomb of the Mahomedan Saint, 
Bababudan, after whom the range has been named. 
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'Pext-Fig. 1. 


Geological sketch map of the Bababudan ranges and its environs. 

2. PREVIOUS WORK. 

The eaiiicRl references to the geology of the Uababudan 
area, are found in the writings of J^riice Foote. Ifis traverse 
notes from Jalarpet to Shikarpur (Foote, 1882, p. 195), and 
the rexiort on tlie Dharwars of South India (Foote, 1888, p. 48), 
contain brief allusions. More detailed descriptions are given 
in his geological notes on traverses through the Mysore^ State 
(Foote, 1900, x»p. 84~;iO). Jt was not, how<‘ver, till 1908 that 
the problem of the banded ferruginous quartzites was seriously 
consifhTcd and the results of these studies are imblished in the 
reports by T>r. W. F. wSnieeth (lOOSfq pp. 11-24), H. K. 81ater 
(1908, pp. 54-50) and P. Sampat Iyengar (1908, px). 74-70). 
Th(' clu'inical and opti<‘al properties of the am^diibole cuniming- 
tonite and the mnv specicss bababudanite, which were asso¬ 
ciated with the ferruginous quartzites, were also published 
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in that year (Smeeth, pp. 85-94). A geological map 

of the area was prepared jointly by Slater and Sampat Iyengar, 
and printed as Plate I in Vol. TX of the Records of the Mysore 
G eological I)epartvient» The economic aspects of the iron 
ores hav(^ been considered by Smeeth (1909) and Venkatraniiah 
(1919, pp. 110-121). A brief account of the banded ferruginous 
quartzit('s is found in Smeeth’s Outline of the Geological 
History of Mysore (1910, pp. 8-tO). 

3. GEOLOGY OF THE AREA. 

The distribution of tlie dilXcrent types of rocks occurring 
in this area will be from Text-Figs. 1 and 2. In this 
section, a brief description of thes(^ rocks is given ; the rela¬ 
tionships which these types bear to one anothcT arc' considered 
in the next section. 

Epidlorite Flours, —A large area to the e^st of the Baba- 
budan rangers is covered by an epidiorite flow which has been 
described in the publications of the Mysore Geological Depart¬ 
ment as the Lingadhalli trap, 8antaveri trap, llornblendic lava, 
Hornblende schist and so on. The writer has examined these 
rocks from Chikmagalur to Lingadhalli and Nandibatlu, and 
finds that they are all epidiorites with only minor difference's. 
The rock is chiefly composed of a pale green hornblendes which 
is oftem fibrous. Plagio(‘Jase, when present, ifi of an acid variety. 
A little quartz is commonly luesent. Granular epidote is 
usually abundant; the mineral is sometimes idioblastic. 
Ilmenitc occurs invariably altered to leucoxene. 

In the map publisheel by Slater and Hampat Iyengar in 
Vol. IX of the Records of the Mysore Geological Department^ 
the e])idiorites occurring to the south and south-east of the 
Bababudan ranges, have been dilTerentiated into a coarse 
type and a fine type. The writer finds that th('> rocks here have 
undergoTK* a low grade of dynamic metamorphism and that 
there is no well-marked boundary separating the coarse from 
the fine textured rocks. In the same map, the, epidiorites 
to the north of the Avati river, have been given a separate 
colour and designated as “ Hornblendic Schist and Trap”. 
This distinction also seems unnecessary. The rocks on cither 
side of tJie river are the same. 

An analysis of a specimen of the epidiorite from near 
Santaveri, yielded r(\sults given in column IT of Table I. 1'he 
analysis is incomplete since IlgO+j H 2 G— and GOg haA^e not 
been determined. 

The Mysore geologists were of the opinion that the 
epidiorite was not amygdular, but that the “spots” and patches 
present in it were due to crushing of quartz phenocrysts 
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(Slater, 1906, p. 12), or in situ alterations of porphyritic 
crystals of hornblende (Slater, 1908, p. 48). Accordins? to 
P. Sainpat Iyengar, some of the ‘‘spots” were amygdular, 
some were due to the in situ alterations of plagioclase pheno- 
crysts and some otliers were formed by the brecciation of 
quartz or epidote veins (Sampat Iyengar, 1908, p. 70). The 
writer has shown elsewhere (Pichamuthu, 1932, pp. 127-137), 
tliat all the spots occurring in the rock are truly amygdular, 
the vesicles being filled with minerals such as delessite, peiminiti^, 
actinolite, epidote, zoisitci, clinozoisite, quartz, pyrites, magne¬ 
tite and caleite. Plagioclase felspars, derived probably from 
original zeolites, liave been noticed in several of the amygdales 
near Lingadhalli (Pichamuthu, 1933, p. 345). 

Tliese e])idiorites underlie the iron formations of the 
Bababiidan Hills. A specimen selected at tlie foot of these 
liills immediately below tlic ferruginous (piartzites, was analysed 
and the results are given in column I of Table I. 


Table I. 



1 

II 

SiOg 

50-10 

51 -82 

A1,03 

13 -47 

9-77 

Fo^Oa 

1-82 

3 -93 

F (‘0 

9.77 

6 .54 

MgO 

4-01 

10-51 

CaO 

6-90 

9-73 

Na^O 

2-32 

1-03 

K3O 

0-74 

0-16 

IljjO -f- 

2-40 

11.d. 

ir^o - 

0-40 

n.d. 

(XJg 

nil. 

n.d. 

TiO* 

1-80 

1 1 -51 

MnO 

0-10 

tr 

1**03 

0-16 

n.d. 


100-05 



I. Epidioiite, 7th Furlung, 30th mile on the Chikmagalur-Lingadhalli Ghat 
road. Analyst : W. II. Herdsman, Glasgow. 

II. Epidiorite, Santaveri. 


It will be seen that the silica percentage is high ; this 
seems to increase as one approaches the banded ferruginous 
quartzites. This increase in quartz in the epidiorites is very 
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noti(ieable in the Saiitaveri-Kalhatti as one ascends 

the liill. Near its junction with the ferru^jinous quartzites, 
the epidiorite grades on practically into a chloriti(i quartzite, 
though megascopically the dilYerence is not quite apparent; 
it is appreciable under the microscope. This passage from an 
epidiorite to a chloritie quartzite is due to part of tlie materials 
constituting the latter being derived from the former. 

Associated with these epidiorites, there are certain rocks 
characterised by the ijresence of laths of albite. ^J?hey are 
sometimes doleritic in texture but often basaltic. No pyroxenes 
are present, the mafic mineral being chiefly chlorite, or in some 
cases, hornblende. These belong to a spilitic type. 

The epidiorites and chloritie quartzites are succeeded by a 
bod of argillite and the ferruginous quartzites are laid ov(u* this. 

Argillite ,—These overlies the epidiorif-es and are immediatidy 
b(ilow the ferruginous quartzites. Very good occurrences of 
this rock are seen on the road sect ions near Kalhatti, by th(‘ 
side of the Kondekhan estate house, and on the 23rd mile on 
tlie Chikmagalur-Jjingadhalli road, which was considered by 
Slater to be the type area for this rock. These rocks have 
been referred to in the Becords of the Mysore Geological Depart¬ 
ment as aphanitic greenstones, and (5onsider<Hi to be a glassy 
basaltic type. Th(^ writer has examined tln^se rocks both in 
the field and in the laboratory and tinds himsedf unable to 
accept that they are basic igneous rocks. They sonietim(‘s 
occur as thin intercalations and show very flue bandings. The 
rock is dark in colour and mixed with abundant ferruginous 
dust. When altered, it is converted into a yellow oclireous 
material. There is practically no grit. The exposures of 
this rock near the Kondekhan estate liousc are highly jointed, 
the joint faces being very smooth. The specific gravity of 
specimens collected here is 2 -05 ; in other i)arts of the Bababu- 
budan Hills the writer has observed a range in specific 
gravity between 2-51 and 2 *75. Slides cut from this rock do 
not exhibit any basaltic character. The rock could be described 
as a mudstone or argillite. 

The rock is normally soft but near igneous intrusions, it 
has been hornfelsed, with the result that it has become extremely 
compact and tough, the fractures suggesting a glassy rock. 
The toughness is due to the development of mica or hornblende 
with the typical decussate structure characteristic, of a hornfels 
(Plate 11, Fig. 3). 

Schists ,—Interbedded with the iron formations occur 
chlorite schists, mica chlorite schists, talc schists, tremolite 
schists and actinolite schists. Almost all these types of schists 
are met with near Mulaingiri. They are as a rule considerably 
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weathered and hence it is exceedingly difficult to prepan* suffi¬ 
ciently thin microsections. They often exhibit strain slip 
cleavage. The schists are greenish in colour, but altered into 
yellowish and reddish ochreous material. Good contacts 
between the schists and banded ferruginous quartzites are very 
rare but the writer observed quite a satisfactory one near 
the bth furlong of the 2nd mile on the branch road leading to 
Bababudan Pecta. This is as good a contact as one could 
expect in this region. Besting on the top of one of the hematite 
quartzite bands, there is an outcrop of schist. The contact is 
fairly sharp and there is no gradation from one rock to another, 
but the top of the hematite quartzite has thin layers of inter¬ 
calated schist, and pyrites have developed at the bottom of the 
schists. Another fairly good contact was noticed on tlui same 
road near the 4th furlong of the 4th mile. The schist here 
contains numerous crystals of magnetite and pyrites and the 
hematite quartzite has a few thin micaceous layers. Since tlie 
dip of the beds in this place is almost vertical, it was not 
possible to determine which was the overlying bed. 

Felsite ,—To the east of the Bababudan ranges, there is 
an area of about 10 square miles which is occupi(‘d by a dark 
compact rock. Apart from a mere mention of the occurrence 
of this rock, no petrological description has been giv(*n in the 
Records of the Mysore Oeological Deparirnent. Under the 
microscope, the rock is seen to be composed of abundant grano- 
blastic quartz with flakes of biotite arranged as in a schist. 
The slides are peppered with minute grains of magnetite. Idio- 
moridiic crystals of albite are common ; they are sometimes 
broken. These crystals are often bordercHl by biotite. Apatite 
in acicular (crystals occurs as an accessory. The rock is allied 
to a keratophyre. 

The chemical analysis of a specimen of this rock is given 
in column 1 of Table II. A and B are analyses of felsites from 
Scotland. B is allied to keratophyre and contains porphyritic 
crystals of albite-oligoclase replaced by calcitt^ and chlorite, 
in a microlithic to patchy felsitic matrix composed of alkali 
felspar and quartz with chlorite and magnetite. This d(*scrip- 
tion agrees well with the Galipuje rock. P is an analysis of a 
specimen collected by A. M. Sen from near the Sulekere tank, 
which is further north in the same Shimoga schist belt. lie 
calls it “ Quartz Porphyry ” and has given the following 
description which corresponds very closely to the Galipuje 
felsite. “ These rocks consist essentially of porphyritic crystals 
of quartz and felspar or either of them embedded in a crypto- 
crystalline to microcrystalline groundmass of the same minerals. 
The principal ferromagnesian constituent is biotite which 
sometimes occurs in large crystals and sometimes in small 
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TABLK II. 



I 

A 

B 

p 

SiOj 


70-60 

70-70 

69-48 

72-73 



u-so 

11 *78 

11-99 

10 -.57 

F<*203 

FcO 


3 -02 
8-16 

1 *32 
3*45 

2-54 

2-40 

1 5 -80 

MgO 


0-12 

0 -53 

1-16 

0*98 

CaO 


6-90 

1-30 

1 -72 

2-19 

Ka,0 


3 -26 

2-48 

3 -33 

3 -09 

K 3 O 


2-23 

4*71 

4-01 

2-71 

IlaO + 


1-00 

1-14 

1 -56 


HjO - 


0-50 

0 *50 

0 -32 


CO 3 


0-90 

0-51 

1 -.34 


TiOj 


0-58 

1 *27 

0-11 

1 -07 

MnO 


0-14 

0*07 1 

0-20 

0*40 



0-10 

0 -26 

0 -OS 


S 



0-08 



FeSj 




0-05 



10001 


■QQII 

99 - 51 

Sp. Gr. .. 

2*74 


■i 

2-73 


1. Felsitts Galipuje, Kudur District, Analyst'. W. II. Herdsman, (ilasgow. 

A. Fel.site, South of Coire IFrnlhe, Mull, Scotland. Analyst : F, K. Fnnor. 

(Hailey and ('lough, 1924, p. 20.) 

B. Felsite, allied to keratophyre, North of Lennoxtown, Stirlingshire, Scotland. 

Analyst: 10. G. Kadley. (Clough, 1925, p. 185.) 

P, (^uart/ I’orphyry, West of Sulekeie 'l ank, Shimoga Distiict, Mysore. 

grains and prisms. ... It is found to alter to chlorite occasion¬ 
ally ” (Sen, 1910, p. 15;^). 

Banded Ferruginous QuarUites^ Iron Ores .—The banded 
ferruginous (juartzites overlie the Lingadhalli and Santaveri 
epidiorites and some of these beds are separated by varieties 
of seliists. The irem ores are derived from the ferruginous 
quartzites. These rocks will be described in greater detail 
later. 1'he iron formations have been subject to pressure and 
hence are folded and faultc‘d. Bedibnl itabirite, composed of 
micaceous flakes of hematite with variable amounts of quartz, 
and showing perfect schistosity, has been formtMl by i)rcssure ; 
it is similar to the lustrous hematite-quartz schists, which have 
been produced by shearing from the banded ironstones of the 
Pretoria Series on Boven and Onderste Zeekoe Baard in 
Griqualand West (du Toit, 1926, p. 105). 
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Quartz Veins .—Veins of quartz often traverse the rocks 
of this area. Several of these veins contain acicular tour¬ 
maline ; wlien they are numerous, the veins assume a dark 
colour. The tourmaline is sometimes a^^gre^at.ed in ru‘sts 
adjoining these veins as is well seen near tlie 22nd mile on the 
Chikmagaliir-Lingadhalli ghat road. 

TJpidiorite Intrusiven ,—The banded ferruginous quartzites 
of the llababudans are intnuh^d by sills and dykes of quartz 
dolerites, which are now epidioritised. These rocks have been 
wrongly identified and described in the publications of the 
Mysore Geological Department as “ Diorite Porphyry,” pre¬ 
sumably because of tlie occurrence of prisms of hornblende 
in them. A microscopic examination of thin sections reveals 
the secondary character of the hornblende which exhibits 
si(^ve structure. The texture of the rock is ophitic. The 
fels])ars are albitised. Plates of ilrnenite altering to leucoxene 
are common. Tlici chemical composition of the (‘pidiorite 
can b(^- seen from the first analysis in Table ill. A and B are 
analyses of quartz dolerites described by Dr. G. W. Tyrrell 
from. Arran and with which the Mysore rock agre(‘s very clos('ly. 
Under column P is given the average chemical composition 
of the basic Keewatin greenstones which are intrusive into the 
Lake Superior iron-bearing formations of the Gurdlint District, 
and which have been described as metadolerites and meta¬ 
basalts by Clements (1903). 

Effects of the Intrusion .—One of the effects of the intrusion 
of the epidioritc is seen in the induration of the hematite 
quartzites which have become highly comxiai ted and hence 
very tough. The banding of the rocks has been emphasised, 
and the ironstones in the neighbourhood recrystallised. 
Ilematitc has been converted into magnetite. It may b(^ 
pointed out that Sir Thomas Holland has already suggested 
that magnetite has resulted from metamorphism of hematite^ 
in the banded quartzites of the Dharwar System, of the Salem 
District south of Mysore (Holland, 1900, p. 115). Observa¬ 
tions made in the Bababudan area make it clear that magnetite? 
is predominant in the ironstones near the epidioritc intrusions, 
and hence its origin is directly traceable to tin? influence of 
thermal metamorphism. A similar modification by later 
igneous action has been noticed in Southern Utah where limo- 
nite and hematite are deoxidised, to yield coarsely crystallim^ 
magnetite? and some hematite (Leith and Harder, 1908, p. SO). 
The formation of magnetite by contact action has also been 
seen in the oolitic ironstones of the Daspoort horizon in South 
Africa. These ironstones show abundant development of 
magnetite crystals where they come within tJie contact aureole 
of the Bushveld complex, whereas such crystals are normally^ 
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Table 111. 



I 

A 

B 

V 

SiO, 

54-40 

54 -52 

54-00 

52-16 

AljO, 

14-27 

14 -53 

13 -09 

16-77 


2 -35 

2-21 

3-53 

3.92 

FeO 

9-50 

6-06 

8-45 

5 - 4 4 

MgO 

5-75 

5-61 

3-49 

5-20 

CaO 

4-90 

8-08 

5-55 

0-23 

Na ,0 

2-94 

3-00 

3 .27 

2^58' 

K^O 

1-92 

1-14 

1-80 

1 -39 

HgO 4- 

2-10 

0-93 

1.71 

1 090 

H., 0 - 

0-20 

1-95 

1.20 


TiO, 

1 -20 

0-87 

2-83 

045 

P2<)5 

0-10 

0-21 

0-31 

010 

MnO 

0-25 

0 -24 

0*37 

, , 

CO, 

, , 

.. 

0-25 

2 14 

s 

tr 

. , 


. , 

FeK, 

♦ . 

. . 

0.14 


BaO 


0-02 

0-02 



99-88 

too-03 

100-07 

100 -00 


I. Epidioritc, Kemmangandi, Babalmdan Hills. Analyst-. W. H. Herdsman, 
(Basgow. 

A. Quartz dolerite, dyke, Arran. Analyst : E. G. Radley. ( Kyrrel), 1928, 

p. 264.) 

B. Quartz dolerite, sill, Arran. Analyst: K. G. Radley. (Tyrrell, 1928, 

P 147.) 

P. Keewatin greenstone, average con:po.silion. (Zappfe, 1912, p. 149.) 

absent (Wagner, 1928, p, S3). Anothtir example may be 
quoted from Ardnamurchan, Scotland, where a Liassic iron¬ 
stone has been converted to magnetite (Richey, 1930, p. 43). 

The most conspicuous example of change ascribablo to 
the intrusion of the opidiorite, is in the development of amphi- 
boles like bababudanite and cummingtonite. These minerals 
were considered by Smeeth and Sampat Iyengar to bo original, 
and by their decomposition the hematite quartzites were 
supposed to have been formed; but recent field examination 
by the writer has shown that these minerals are present only 
in zones near the contact of igneous intrusives. This will be 
discussed in greater detail while dealing with the probable 
mode of origin of the banded ferruginous quartzites. 
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4. STRUCTURE OF THE AREA. 

The earliest classification of the rocks of this and the 
adjoining Tarikere area was made by P. Sainpat Iyengar. 
He divided the rocks into two series, the Bababudan Series 
and the Tarikere Series. He has divided these series further 
as follows :— 

Bababudan Series — 

Lava flows.— 

(i) Green Trap Hornblende Schist. 

(ii) Amphibolite. 

(iii) Brown Mica Chlorite Schist. 

Probably intrusive sheet or sill.— 

(iv) Ampliibolites and Peridotite, including alten^l 

representatives like talc-serpentine rocks. 

Altered lava flows.— 

(v) Hematite Quartzite, Banded Quartz-Magnetite 
rocks, Hematite and Limonite Scliists (derived 
chiefly from the alteration of bababiidanite and 
cummingtonite). 

Tarikere Series ,— 

Intrusive into Bababudan Series.— 

(i) Fclsites, Porphyries and Biotite Gneisses which 

alter into 

(a) Calc-chlorite Schists (Keratophyres); 

(b) Siliceous talc sericite Schists; 

(c) Crush Conglomerates. 

(ii) Diorite Porphyrite. 

The Quartzites, Gneisses and the Dolerites are intrusive 
into both the Tarikere and Bababudan Series. 

The numbers in the above classification do not represent 
any order of superposition. The only inference regarding age 
that we can draw from this scheme is, that the Tarikere Series 
is younger since it is intrusive into the Bababudan Series. 

The writer differs from the above views regarding the 
mode of origin assigned to some of these rocks. As the sequel 
will show, he does not consider the hematite quartzites as 
altered lava flows. The writer has given evidences elsewhere 
that the “ Crush Conglomerates ” of the Tarikere Series 
were not formed by pressure on an igneous intrusive, but 
that they are of an original sedimentary nature (Pichamuthu, 
1936 & and c). The writer agrees that the Tarikere Series is 
younger than the Bababudan Series, not because of its intru¬ 
sive character, but considering the stratigraphical sequence.* 
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J^(^bbles of almost all the typos of rocks characteristic of the 
llababiulau Series are found in the Kaldiirga conglomerates. 

Tlie ferruginous quartzites occurring in Mysore are sup¬ 
posed to bo confined to the upper chloritic division of the 
Dharwar System. For the sake of those not familiar with 
Mysore geology, it may be stated that the term “ upper ” 
does not mean “ younger,” as the lowc^r hornblendic*. division 
is considered to be intrusive into the upjx^T chloritic division 
(Smeeth, 1920 a). Even where the ferruginous quartzites are 
associated with hornblendic schists as in the Kolar schist belt, 
they are bedieved to be patches caught up by the intrusive 
hornblendic rocks and not associated members of the Horn¬ 
blendic division. The writer considers it probable that in 
Mysore the hematite quartzites are developed both in the 
hornblendic and (ddoritic^ divisions of the Dharwars. In the 
Bababudans, the epidiorites occur below the iron formations 
in th(i east, and are found overlying them in the west m‘ar 
llebbegiri. ^Smeeth considers these rocks as intrusive and he 
is of opinion that the dykes near Kemmangandi are only Ihe 
“ more massive members ” of the Lingadhalli epidiorites. 
According to the writ(‘r, the Lingadhalli and Santaveri tra})s 
arc flows (*arlier in age than the. banded ferruginous quartzitAis 
and that the dykes and sills near Kemmangandi and Viru- 
pakshikan are distinctly later intrusives into these ironstones. 

The iron formations are generally confined to the higher 
regions of these ranges and furnish precipitous and almost 
vertical escarpments, often more than 100 feet in height, on 
the outer margin of the hills. The dip of the banded ferrugi¬ 
nous quartzites is h^ast at the north-east corner of the ranges 
and gradually increases towards the south and west. JST‘ar 
Kalhatti, the dip is about 20'', though in some parts the beds 
ar(‘. almost horizontal. Along the northern side the dip in- 
creas(\s to 10'' or 50°, and in the western portion near Hebbe, 
it is about 00° or 70°. Along the eastern scarp the averagci 
dip is low, but in places as on the 0th furlong of the 29th 
mile, lu'ar Kemmangandi, the dip is vertical. The strike of 
the banded ironstones coincides practically with the trend of 
the ranges. The thickness of the beds averages between 200 
and 300 feet. 

The high angles of dip and the intensely folded and 
crumx)lcd nature of these quartzites arc evidences of the great 
disturbances to which these rocks have been subjected. The 
complicated tectonics of this area has not yet beem satisfactorily 
worked out, as geological work on these hills is heavily handi¬ 
capped by the dense jungles infested with wild animals, and 
the thick soil cap which obscures the disposition and relation- 
shix)S of the rocks. 
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5. THE KON ORES. 

In the publications of the Mysore Gcolopjical Department, 
the term ‘‘ Iron ore ” has been used to denote^ both th(^ econo¬ 
mically important deposits as well as the banded ferruginous 
quartzites. In the present report, this t(Tm will be confin(‘d 
to the secondary concentrations of the oxides of iron (1eriv(‘(i 
from the ferrujjinous quartzites and which an' rich ('nouf»h to 
be used as an ore of iron. Srneeth made magnet ic concent ra¬ 
tion tests on the map:netite quartzites occurrini? near Atti^iindi, 
in which the bands of quartz and iron ore averaged half-an- 
inch or more in thickness and appeared to be fairly cleanly 
se])arat.(‘d. The results were, howe.v(T, v('ry unsatisfactory 
and discouraejing, and these rocks were therefore' conside'HMl 
unsuitable to be usexl as an ore of iron (Smeetli, 1920, pp. 52-50). 

(a) Description. 

Latcritic Ore. —The surface of the iron formations is 
invariably covered by a deposit of Ia.terite which is often rich 
enough to be worked as an iron ore. The Bababudan Hills 
form the highest range in the Mysore State and In'iiee int(‘rce})t 
elTectively the moisture-laden monsoon winds, and the conse¬ 
quent heavy rainfall is an active agent of demudation. The 
hill tops are either grass-covered or bare, so that therc^ is little 
to protect the laterite, which is usually not of great thickness. 
The laterite occurs in slag-like masses containing numerous 
irregular tubular hollows coated with layers of brownish lirnonitc'. 
It is mixed with clayey and sandy material, tlu'. former 
commonly predominating. Bometimes, tlie laterite is composc'd 
of loosely aggregated pisolitic nodules, held together by clayey 
material. 

Some of the lateritcs occurring near Kalhatti and Kem- 
mangandi arc bauxitic and contain 50 to CO per c('nt. of alumina. 
These are considered to be lateritic modifications of the intrusive 
epidiorites which often alter into reddish lithomargic clays. 
Details regarding this deposit will be found in tlu' Records 
oj the Mysore Geological Department (Smeeth, 1917, iip. 3S-40 ; 
Jayaram, 1919, p. 19 ; Venkatramiah, 1919, pp. 121 12S) 
and in the Review of Mineral Production of Mysore (S('n, 1931, 
pp. 127-130). 

Main Ore Body. —The main mass of iron ore is a non- 
lateritic deposit of hematite and limonite occurring on tlu' 
dip slopes. It has not been possible to trace any definite rela¬ 
tionship b('tween the locus of the d(q)Osits and structural charac¬ 
teristics of the rock formations, as in som(^ areas of the Lake 
Superior region where impervious basements and the presenci' 
of fractures have determined the location of on's. The dei)osit.s* 
are bedded in places, and in part are composed of secondary 
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depositions of hematite showing mammillary, botryoidal, 
stalactitic and other concretionary structures. Sometimes, 
the ore is composed of specular hematite, which might have 
formed as the result of load metamorphism or by hydrothermal 
action. 



TEXT-FlG. 2. 

Sketch map of a portion of the Bababudans, indicnlinp: the geoloK5' of the 
area and the distribution of the chief deposits of iron ore. 


Kalhatli Deposit .—The ores near Kalliatii eovt^r an area 
of about ten square miles and at a conservative estimate there 
are about 80 million tons of good ore. The following are a 
few analyses of the ore from this locality (Smeeth, 1909, p. 62), 
Prior to analysis, the samples were dried at 100"" 0. 
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Table IV. 



I 

II 

III 

IV 

1 

SiOa 

0-76 

3-63 

0-77 

2-17 

Al^O* . . 

3 -03 

6-56 

9-82 

7*95 


90-65 

78-08 

82-79 

84 -39 

PeO 

0-98 

0-57 

0-54 

0-67 

MgO 

0-28 

0-51 

0-26 

0-40 

CaO 

0-05 

0-05 

0-13 

0*09 

H,0 

4-06 

8-34 

6-09 

4-98 

PaOj 

0-11 

0 10 

0-13 

0-12 

MnO 

tr 

1-04 

0-08 

tr 

so. 

0-08 

0-13 

0-12 

0*06 


100 -00 

99 01 

100-73 

100-83 

Pe 

64-22 

55-11 

58 -37 

59 *59 

P 


0 -044 

0-057 

0 -052 

S 

0 -034 

0 -052 

0-047 

0-024 


Kennmangandi Deposit ,—Farther north, near Keinman- 
gandi, there is a greater accumulation of high grade ore, 
and this is the site from where the ore is at present mined for 
the Mysore Iron Works at Bhadravati (Plate 1, Pig. 2). The 
distribution of tJiese ore deposits may be seen from Text- 
Pig. 2. 

(&) Origin of the Ores. 

The ores are associated with banded ironstones and occur 
as irregular masses. The ores have been formed from the 
ironstones through the agency of descending surface waters 
eitlier by the leaching out of the silica and tlie deposition in 
its place of iron oxide or simply by the leaching out of the 
original siliceous layer without concomitant deposition of iron 
oxide. Quite conclusive evidence regarding the replacement 
of the silica layers by hematite, resulting in alternating bands 
of primary and secondary hematite, was not obtained, but 
proof of the removal of silica is common. At the time when 
the ores were formed, the siliceous layers of the newly formed 
rock were probably still composed very largely of comparatively 
easily soluble chalcedonic silica which would readily have been 
attacked by carbonated and alkaline circulating waters. 

Geodal cavities lined with botryoidal hematite or with 
shining crystals of speculaTito are not uncommon. 8ome» 
are probably of the nature of “ volume vugs ” (Irving, 
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p. 295), but many arc just the remains of open spaces resulting 
from the folding and fracturing of the iron oxide layers. Tn 
some of the bigger cavities, the iron ores have a stalactitic 
habit with perfectly developed radiating structures in cross- 
sections. 

In 1932, while examining the iron ore deposits, the writer 
came upon a specimen of fossil wood near Kemmangandi 
(Pichamuthu, 1935a, p. 510). It was found near the Oth 
furlong of the 27th mile on the Chikmagalur-Lingadhalli road. 
Tlie road hero has been cut along the sides of a hill, and it 
was from this cutting that the specimen was obtained. The 
hill, which is 4,500 feet above sea level, is comx>oj^ed of red 
earth containing lumps of iron ore. 

The woody material has been completely converted into 
hematite. As the fossil was of a rather friable natnre, it was 
with great difficulty that it could be sliced. The specimens 
and sections wen^ kindly examined by Professor Walton, 
Prof(\ssor of Botany in the University of Glasgow. Considering 
the imperf(‘ct pnvserval ion of the structures, he did not like 
to say more than that it was gymnos])ermou8 wood. Heoenl-ly, 
specimens wen^ sent to Dr. Sahni who agrecnl with Professor 
Walton’s identification. 

The iron ores have been, in part, segregated by the act ion 
of water. 8ome of the ores have undoubti'dly accumulated 
in standing bodies of water, solutions having leached the iron 
from the ferruginous quartzites. This specimen of wood must 
hav(^ been washed into one of these sedimentation areas and 
had its woody material replaced by oxide of iron. There are, 
at pr(\sent, no gymnosperms on tlicse hill ranges. 

The discovery of this fossil indicates that the acciimuhi- 
tion of iron ore continued to take place during Post-Oarboni- 
ferous and later periods. 

6. THE BANDED FERRUGINOUS QUARTZITES. 

(a) Description. 

The ferruginous quartzites vary in ayixiearance and com¬ 
position, often exliibiting great differences in the natim^ and 
thickness of their component bands, and in the r(‘lativ(» pro¬ 
portions of ferruginous and siliceous matter. The colour and 
texture of the silica bands also vary considerably. They may 
be white, grey or various shades of red or brown ; and in 
texture they grade from that of a dense flinty chert or jasper 
irresolvable even with a lens, to that of a fine-grained saccharoidal 
qiiarf^zite in which the outlines of the individual grains can bo 
made out with the naked eye. In weathered specimens, the 
quartz bands are very friable, and crumble easily into a fine 
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white sand. The siliceous layers arc sometimes formed of 
fibrous a^?gre^?ates of quartz crystals, the fibres growing? at 
right angles to the plan(‘s ol bedding ; it is iiossible to separates 
the fibres in certain cases. 

Some of the laminic in the ferruginous quartzite bands 
are composed wholly or predominantly of ferruginous or sili- 
(*.eous matter, but more often th<‘ layers are formed of intimately 
int('-rmingled iron minerals and quartz, the iron oxides occur¬ 
ring ill th('. form of crystals, grains or irregular patches, (uther 
scattered indiscTiminately through a bast' of lincly crystalline 
quartz, or, as is more common, concentrated in lint's following 
the banding. 

The irtmstones stimetimes exhibit, conspicuous colour 
bantlings, layers of black hematite or magnetite alternating 
with bands of red, pink, grey or white silit*-eous matter, when 
they are of strikingly handsome appt^arance. Such rticks 
have iMHm designated calico ” rocks in South Africa. The 
bright, red colours of t he silictanis layers art‘ found on microscopic 
t‘xarnination t.o be due to small particles of oxidtis of iron. 

The ferruginous layers arc sometimes composed predomi¬ 
nantly of htunatite, ticcasionally accompanitHl by specularite. 
A little magnt'tite is often prt'seiit. This mineral occurs almost 
to th(^ total (‘xclusion of hematite near igneous contacts. Near 
the surface, thesi' minerals are convt'ated into the hydrous 
oxide, limonite. 



Text-Fig. 3. 

Sketch of a Land Specimen of banded ferruginous quartzite illustrating 
interformational folding. 

The bands ar(' ('xtremely rt^gular and usually parallel. 
The wilier ohserviil that in some cases the bands were crumpled 
into minute folds wliile the bands above and below them were 
unatTc'cted (Tt^xt.-Fhg. o). Mieroseetions cut from portions of 
such fold(‘d bands rdiow that some of the tliinner layers are 
broken (Plate It, Fig. 2). Tliose are of the nature of inter- 

Z F 
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formational folds caused probably by submarine quakes during 
the period of deposition. The uppermost layers, if disturbed 
immediately after tlieir deposition, would be thrown into a 
series of minute waves, while the slightly earlier formed lower 
layer wliich is now of harder consistency, would be breceiated. 
After tlie disturbance was over, the succeeding layers would 
again be normally deposited. These characteristics are well 
seen from Text-Fig. 3 and from Plate II, Fig. 2. 

The relationship of the banded ferruginous quartzites to 
the underlying igneous rocks is not very clear, because the 
slopes are always covered by debris which bears thick vegeta¬ 
tion. It has, however, been observed in some places that 
there is a gradual transition between the igneous rocks and the 
ironstones (Sampat Iyengar, 1.916, p. 123). This was one of 
the reasons which influenced the Mysore geologists to consider 
the ferruginous quartzites as derived from igneous rocks. It 
is interesting to note in this connection, that a similar transi¬ 
tion has also been observed in the Lake Superior region (Van 
Ilise and Leith, 1911, p. 512). This will be considered later 
while discussing the mode of formation of tlie banded ferrugi¬ 
nous quartzites. 

(b) Mineralogy. 

Quarts ,—Silica occurs in large amounts and is now in the 
form of quartz. The mineral forms generally granoblastie. 
aggregates. A mosaic t(^xture with straight boundaries is 
common, but rarely t he grains are seen to be interlocking wit h 
fimbriate margins. The grain size varies ; in the cherty layers, 
the grains arc very minute but ordinarily they are much 
coarser. Home of the quartz layers are further laminated, 
each lamina having a different grain size. Streaks of iron ore 
inclusions often pass uninterruptedly through contiguous grains 
of quartz, and from this it may be inferred that the silica was 
originally deposited as a gel and later became crystalline. 

The writer has collected from various parts of the Raba- 
budans specimens of fibrous quartz (Plate III, Fig. 4). In some 
of the siliec^ous layers which are formed of fibrous aggregates 
of quartz crystals, the fibres are disposed at right angles to 
the plane of bedding and arc separable in some cases. The 
fibres are not always straight, but often bent. Those layers 
frequently exhibit a chatoyant lustre. In microscctions, 
these quartz layers are seen to contain fibrous amphiboles. 
Though in no one x)lace, it was i)ossible to trace a layer of 
fibrous amphibole passing into a layer of fibrous quartz, the 
collections made by the writer show that the quartz has re¬ 
placed the amphibole. The deposition of quartz in a fibrous 
form has been noticed in the crests of small-scale folds in the 
Triassic rocks of the Alps (Grubenmann and Niggli, 1924, p. 471), 



Iron Formations of the Eastern Bababudans 19 

but in the Bababudans, this explanation cannot be adopted 
since the development of quartz is not confined to the crests 
of folds hut is found in undcformed layers. 

yimilar fibrous quartz has lon^? been known to occur 
associated with the banded ironstones of youth Africa, ypeci- 
mens collected by Jjichtenstein wen^ described by Klaproth 
(1815), who gave them the name “ Faserquarz”. Fuller 
details were published by ytow in England (1874), and by 
Cohen in Germany ; the latter considered that the fibrous 
quartz was pseudomorphous after crocidolite (1873, p. 55). 
The pseudomorphous nature of the fibrous quartz was also 
maintained by Wibel (1873, pp. 367 et seq), but Eenard and 
Klement were of a different opinion. They came to the con¬ 
clusion that ‘‘ les masses quartzeuses du Cap ne forment pas 
de pseudomorphose sur krokydolite, ainsi qu,’on I’avait admis 
jusqu’iv^u, mais qu’ellcs ne sont autre chose que lo r(5sultat 
d’une infiltration de matihre siliceuse, entre les fibres du mineral 
asbestiforme ” (1884, p. 549). The prevalent view in youth 
Africa is, that fibrous asbestos has been pseudomorphosed by 
silica (du Toit, 1926, pp. 106, 394). 

Iron Ore Minerals ,—Hematite is the common iron ore 
mineral occurring in the quartzites, so that most of the ferrugi¬ 
nous rocks occurring in the Bababudans may be described 
as hematite quartzites. Magnetite occurs usually as minute 
octahedra, especially near intrusive contacts. It is abundant 
in the bababudanite-magnetite schists. Martite has been 
recognised in some places. These oxides of iron occur almost 
by thems(‘lves in certain bands but are often mixed with vary¬ 
ing amounts of quartz. 

Bahabudanite ,—This amphibole was discovered by P. 
Sampat Iyengar in the year 1907. He describes the mineral 
as occurring in radiating prismatic aggregates and in scattered 
pateJies having a strong pleochroiSm from Prussian blue to 
purple and yellowish green. A<teording to him, the extinction 
angle is about 7° and the optical character of the mineral, 
positive. He considered it a variety of riebeekite rich in 
magnesia (Sampat Iyengar, 1908, p. 73). The same year, 
T)r. Smeeth got a chemical analysis made of this mineral from 
which he obtained the following formula : 

2 Na Fe (Si 03)2 (Fe Mgs) (SiO;,), 

Bababudanite was reported to occur only in the western 
portion (the Gangagiri branch) of these ranges by Sampat 
Iyengar. Jayaram observed the presence of this mineral in 
the neighbourhood of Attigundi (Jayaram, 1923, p. 41). In 
1932, the wTiter obtained very good specimens near Kemman- 
gandi and Kalhatti, on the eastern slopes of the Bababudans. 
The mineral is distributed sporadically in the ferruginous 
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quartzites as well as concentrated in bands associated with 
quartz and magnetite. 

Bababudanito is a shining black mineral with an almost 
adamantine lustre when quite fresh. It frequently appears 
(lark brown in colour, but this is due to hematite or limonite 
which is deposited on tlie surface and along the cleavages. 
The crystals are prismatic with an acicular habit, somctim(\s 
occurring in fibrous bands (Plate III, Fig. 3) whicli are occa¬ 
sionally replaced by quartz. Perfect prismatic cleavages 
intersect at an angle of 124°. The specific gravity of tlie 
mineral is 3‘31. 

The analysis published by Hmeeth totals only to 97 *08 
and so a new analysis of this mineral was made. The material 
for analysis was separated by the writer by hand picking, and 
since the mineral is very fine, it took nearly two months to 
collect just enough for a chemical analysis. The results of 
t.his analysis are given in column I of Table V. For juirposes 
of comparison, analyses of crocidolite, rhodusite and crossite 
arc placed alongside. The analysis of bababudanite published 
by KSmeeth is given in column II. 


Table V. 



I 

A 

B 

c 

T) 

IT 

SiOjj .. 

49-80 

61-15 

54 -01 

55 -03 

55 -02 

.54 -48 

AM)3 .. 

1-56 

— 

0-23 

0-49 

4.75 

2-10 

FC 303 .. 

18-62 

14-92 

15-70 

15-47 

10-91 

15-79 

FoX) .. 

10-59 

9-80 

9-42 

7-39 

9-46 

5-02 

MgO .. 

9-30 

10-80 

10-01 

11-48 

9-30 

12-11 

CaO .. 

0-46 

1-12 

1-52 

0-98 

2-38 

1-04 

NajO .. 

8-80 

6-52 

6-22 

6-38 

7-62 

6'-34 

K 3 O .. 

tr 

0-63* 

0-36 

0-80 

0-27 

0-32 

H 3 O .. 

0-65 

4-77 

2-25 

1-98 

— 

0-40 

MiiO .. 

— 

0-30 

0-14 

— 

tr 

0-08 


99-77 

100-01 

99-85 

100-00 

99-71 

97-68 


I. Bababudanite, Kemmangandi, J^ababudan Hills, Mysore. A/ia/yst: W. H. 

Herdsman, Glasgow. 

A. Crocidolite, Dochfour, Scotland. Quoted from Danas System of Mi nan 

lo^Vi Sixth Edition, 1911, p. 400. 

B. Rhodusite, Asskys River, Minussinsk District, Sil)eiia. Quoterl from Journ. 

C/ieni* Soc» 1908. Vol. 94, Abstracts Bart 11. p. 40. 

C. Rhodusite, Rhodu? Island. Quoted from First Appendix to Sixth Edition, 

of Dana^s System of Minerniogy^ p, 29. 

D. Crossite, Berkeley, California. Analyst : VV. S. 'I'. Smith, ibid,, p. 20. 

II. Bababudanite, Gangagiri branch, Bababudan Hills, Mysore. Smeeth, AVr. 

Mys> Geol, Deft., 1908, Vol. IX, pp. 91-92. 
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The new analysis of bababudanite, except for a slight 
excess in magnesia, agrees fairly well with the formula : 

4 NaFe/" ( 8103 ) 2 . 2 FeSiOa. 3 MgSi 03 
The mineral differs from ricbeckite in containing a high per¬ 
centage of magn(»sia, and from glaucophane in its low alumina 
content. It resembles the analysis of crocidolite from Dochfour 
(A in Table V) fairly closely, but differs from this mineral in 
optical properties. The nearest approximation in both clKunical 
and optical characters is to rhodiisite. According to Iskull 
(1908) the composition of rhodusite may be expressed as an 
isomorphous mixture of two molecules, namely, Na 2 Fe 28 i 4 ()i 2 
and 5 (Mg,Fe,H 2 ,Ca,Mn) HiOg. The analysis which the \vrit(‘r 
has given above for bababudanite, if written in similar form 
would become 

2 NaaFcaSiA., 5 (Mg,Fe,n2,0a) 

Smeetil’s analysis corresponds to the following formula : 

Na 2 Fe 28 i 40 i 2 , 4 (Mg,Fe,H 2 ,Ca,Mn) HiOg 

The optic plane and Z are normal to 010. There is a 
strong dispersion of X, Y and optic axes. This disp<‘rsion and 
the iiitiuise plcochroic colours exhibited by the niin(‘ral, make 
a<H*urate measurements difficult. 

(- ) 2 V = about 60® 
y—a = *013 to ’014 
—a = about -018 
XAc = about 3® 

X = dark Prussian blue 

Y = yelloAV 

7j == deep violet-blue 

Gummiufjtonile, —This amphibole was first identified in 
Mysore in the hematite quartzites of the Kolar schists by 
Jayaram, and it is now known to occur in many of the ferrugi¬ 
nous quartzites in various xiarts of tlu^ Htate. The mineral is 
rather rare in the area under iim‘stigatioii, but is more common 
in the Gangagiri branch of the Babalnidans. 

Asbestos ,—The writer noticed bands of soft fibrous asbestos 
near the 2 nd furlong of the 7th mile on the Chikmagalur- 
Lingadhalli road. The fibres are white in colour. 

Crocidolite .—Bands of fibrous amphibole are common 
in various parts of the Bababudans. Tlu^y are not easily 
separable into fine fibres and are sometimes replaced by quartz. 

Pyroxene ,—In the course of the writer’s examination of 
the Bababudans, a yellowish or brownish green mineral was 
discovered near Kemmangandi as well as near Kalhatti. This 
is usually associated with bababudanite. It is a platy mineral 
with a sort of schillcr lustre. It alters into a yellow ochreous 
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material. The crystals are prismatic. The miiKjral is mono- 
clinic with 110 cleavages and parting on 010. The prismatic 
cleavages intersect at an angle of about 90°. 

The optic plane is paralhd to 010. The mineral is pale 
yellowish green in thin secdions and non-pleochroic. The 
mineral is optically negative. 

(-~) 2 V ==82° 

y~a = *012 
y-j 8 - -018 
XAc = about 2 ° to 8 ° 

A specimen of the mineral collected from nc^ar Kalhatti 
was analysed with the following results :— 


Table VT. 



I 

II 

III 

SiO, 

52-75 

51 -35 

52-22 

AI 2 O 3 

0 -35 

1-69 

0*64 

Fe^Oa .. 

33 -00 

32 -11 

28-15 

FcO 

1-42 

2-59 

5 -35 

MgO 

0-24 

- * 

1 -15 

CaO 

0-80 

tr 

2-19 

Na^O 

9-70 

11 -39 

10 - 1,1 

K^O 

tr 

tr 

0 -34 

.. 

1-00 



H,0 - .. 

0-50 



CO, 

— 


[ 

TiO, 

— 



MnO 

— 

0-37 

0-54 

P 3 O 5 .. 

tr 





99-40 

100-99 


I. Pyroxene, Kalhatti, Babalmdan Hills. Analyst -. W. II. Herdsman, Glasgow. 
II. Acmite, Rundemyr. Quoteil from Dana’s Systan of Mineralogy Sixth 
Edition, 1911, p. 365. 

III. Aegirine, Kangerdluarsuk, ibid. 

The crystallographic and optical characters indicate that 
the mineral belongs to the pyroxene group. Prom Table VI 
it will be seen that in chemical composition it corresponds 
closely to acmite, but non-pleochroic acmite is very rare and 
has not been recorded except from the Hawaiian Islands 
(Washington, 1923, p. 107). 
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Pyrites .—Cubes and pyritohedra of this mineral occur 
especially in the metamorphosed zones. It is freqiuintly 
pseiidomorphosed by limonite. 

Apatite .—Present in small quantities and with its usual 
properties. 

(c) Amphibole-Magnetite Schist. 

Intercalated with the ferruginous quartzites are tliin layers 
of rocks which contain amj)hiboles like bababudanite. in 
some bands the amphiboles are present as a felt(Mi aggregate 
of fibrous crystals, and in others are more coarsely crystalline. 
Magnetite and quartz arc present in varying proportions 
(Plate III, Fig. 2). 

A specimen of bababudanite-magnetite schist was ana¬ 
lysed and it will be seen from Table VII that it compares very 

Table VTI. 


87-8 86*0 


44-16 

39 

•17 

42 

90 

0*25 

1 

•14 



40 *20 

40 

•42 

34 

77 

7*98 

12 

•33 

15 

82 

3*11 

1 

•90 

2 

62 

tr 

1 

•37 

1 

33 

2*00 




, 

tr 


. . 


. 

0*051 

I *60 j 

2 

•56 

0 

47 

tr 

1 



,, 

tr 

tr 1 

tr 


0 

•56 

1 

•73 


34*5 

35*2 36*4 

46*25 

38-80 37-28 

0-92 

0-20 0-40 

30-62 

. . . . 

16*92 

. . • . 

2*13 

1-32 2-46 

1*69 

2'55 2-36 


I. Bababudanite-magnetite schist, Bababudan Hills, Mysore. Analyst'. W. H. 
Herdsman, Glasgow. 

A, n and C. Magnetitic slates, Wisconsin. (Irving and Van Hise, 1892, p. 197.) 
D. Griinerite-magnetite schist, Michigan. Analyst : H. M. Stokes. (Van Hise, 
Bayley and Smyth, 1897, p. 338.) 

P. Iron ore-amphibole rock, Badampahar Iron Mines, Noamunili, Singhbhuin 

District, India. (Percival, 1931, p. 199.) . 

Q. Actinolite bearing reciystallLsed banded hematite silica rock, Badampahar. 

(Percival, 1931, p. 224.) 
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well willi the arnphibole inat^netite rocks of the Jjiike Superior 
region. 

The view that those amphibole-niagnetito schists 
represent trap Hows is suggested by Sineetli (1908(i, p. 23) 
and ^^ampat Iyengar (1908, p. 72). Tliey are suf)posed to be 
remnants of basic igneous rocks whicli by alteration have 
yielded the banded ferruginous quartzites. It will be seen 
from Table VTT, that the analysis of bababudanite-magnetit.e 
schist bears no resemblance to an igneous rock ; on the other 
hand, it compares very favourably with the am])hibol(^ magne¬ 
tite rocks occurring as intercalations in the Lake Superior 
banded ironstones of Michigan and Wisconsin, and Avhich art^ 
considered to be of sedimentary origin. P and Q are partial 
analyses of somewhat similar arnphiboh* bewaring ro(*ks from the 
Singhbhum District, India. In these two analyses, only tlu^ 
percentage of metallic iron has been det(‘rmined and so to faci¬ 
litate comparison, the percentag<\s of metallic iron in tlu* other 
analyses have been ealcnlat(‘d. 

It will be noticed that bababudanite-magnetite schist 
contains 3*11 ])er cent, of MgO as against a tra.c(» of CaO. The 
dominance' of magnesia over lime is suggestive' of a sedimentary 
origin. Van I Use and Leit h consider t hat tlie Lake Hu])(‘rior 
iron-bearing formations must ha.v(‘.b<M'n chemically precipitated 
because the average i)roj)ort ion of magnesia to linu'- is over 
5 to 1 (1911, p. 500). A similar cal(*iinn-magnesium ratio has 
been observed in the Noamundi an^a by Dr. Percival (1931, 
p. 200), who is of o])inion that th(‘S(‘ ])anded iron ores have 
originated as chemical sediments. Tiie dominanc(^ of feriic- 
over ferrous iron noticed in the bababudanite niagiudite 
schist, when consid(‘red in conjunction with the magn(*sia lime 
ratio, strengtln'us tli(‘> vicAV that these rocks must have had a 
sedimentary origin (Grout, 1932, p. 132). 

A striking point of dittVrence which tlu' analysis of the 
Mysore schist exhibits is in the ])rcseji(t(^ of 2*(i0 per cent, 
of ^a^O. It has been nuuitione^l earlier in this ])ap(T, that 
the rocks adjoining and underlying tlu', banded ferruginous 
quartzites are many of them rich in soda, as may be seen from 
the prevalence' of albite and acid oligoedase. Idie writer is of 
the opinion that the soda content of the bababudanite-magne¬ 
tite schist is ascribable to the sediments being derived from 
these rocks of spilitic allinities. 

The bababudanite-magnetite schists arc often only about 
an inch or two in thickness, and are impersistent. They bear 
no resemblance chemically, mineralogically or texturally to 
the epidiorites of the area. Some of tlie bands of the ferrugi¬ 
nous quartzites must have originally had diiferent composi¬ 
tions, and the transformation of the bauds by metamorphie 
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agencies has produced different combinations of minerals. 
During rccrystallisation, duo to metamorpliic diffenmtiation, 
there is a tendency for minerals of tlie same kind to segregate, 
and that explains wliy some layers are ricli in a singhi niim^ral, 
like bababudanite. 

(d) Origin of the Ferruginous Quartzites. 

According to Dr. Smeeth the whole series appears to 
be conformable with the underlying hornblendie lavas and 
there is no suggestion either from field evidence or from micro¬ 
scopic examination that the banded (jua.rtz iron or('. layers are 
of s(Tlimentary charact(T. On the other hand, a certain amount 
of evidence has been obtained which suggests that the iron 
ores are metamorpliic alterations of some of the hornblendie 
hows.’’ 11 is reasons are mainly two, and th(‘y an' here stated 
in his own words. “ Evidence has been obtained showing a 
gradual increase of magnetile, usually accompanied by intro¬ 
duction or di^velopment of quartz in portions of the hornblendie 

lavas near the layers of quartz iron ore. Some of the 

hornblendie beds wliich are of the nature of amphibolites 
app('ar to alter gradually into quartz iron ore rocks.” He 
does not believe that the iron ores could be derived from tin', 
ferruginous clays with which they are associated, by a process 
of segregation. “ It seems to me mon^ natural to n'gard the 
iron ores as resulting from fairly deeply seated metamorpliic 
action at a time when the presemt surface was buriiMl bem^at-h 
a considerable thickness of rocks of th(‘. sanu'. series or ])crhapB 
of some other series also. Tlie result was probably the forma¬ 
tion of sev(*ral layers or beds of quartz magnetite rocks.” 
(Smeeth, 1908, pp. 20-21). 

Slater considered that the banded magn(‘tite-hematit(' 
quartzites were iiroduced through the “ metainojphisni and 
oxidation of tlie bands of ampliibole that form the aphanitic 
greenstones ” (Slater, 1908, p. 50). 

P. Sampat Iyengar was of the opinion that the magnetite 
quartzites have b(H‘n formed by tlie alteration of amphibolitic 
rocks containing cummingtonite and bababudanite (Hampat 
Iyengar, 1908, pp. 72-73 ; 1915, pp. 110,123). Slater, working 
elsewhere in the Mysore State, did not, however, get clear evi¬ 
dence of the formation of magnetite from these ampliiboles 
in the banded magnetite quartzites (Slater, 1907, p. 35), and 
Jayaram also doubted whether iron ores could be formed by 
this process (Jayaram, 1923, pp. 39-42). 

Sineeth explained the mineralogical variations in the 
banded ironstones as follows: “ Starting with a cummingto¬ 
nite rock, it appears very probable that under the influence of 
thermal metamoiphism, the mineral would tend to break up 
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into oxide of iron and silica, and that these would recryslallise 
as magncdite and quartz, giving rise to some of the banded 
quartz magnetite rocks of Mysore with or without residual 
cummingtonite. It is probable tliat solutions containing 
silica take part in the transformation and increase tin? amount 
of quartz and that some of the cummingtonite get recrystallised 
during the process and that the various constituents frequently 
trav(?l considerable distances from their original source. lienee 
we get all varieties from a pure cummingtonite ampliibolite, 
to stages containing a little quartz and magnetite to the banded 
quartz magnetit(? rocks with a few small prisms of curnming- 
toiiite and iinally to almost pure quartz rock on the one hand, 
and almost pure magnetite on the other hand” (Srneetli, 1908i>, 
p. 87). 

Very similar views have been adduced to account for the 
origin of the band(?d hematite quartzites in other parts of 
Mysore. Tlie magnetite quartzites of tlie Western Ghats 
(Sampat Iyengar, 1912, p. 59), the ferruginous quartzites of 
tlie Bangalore District (Jayaram, 1901, p. 190), Kolar District 
(^^meeth, 1901, p. 23 ; Jayaram, 1910, x^p. 178-79), Javanhalli 
Schist Belt (Wetherell, 1904, xip. 13-18), Ilassan District 
(Sampat Iyengar, 1909, pp. 53-56), Tunikur District (Sen, 
1912, p. 123), Shimoga District (Sen, 1916, p. 118), and of the 
Ycmmabetta Ilange (Jayaram, 1917, p. 101), have all been 
explained as formed from the decomposition of cummingtonite. 

While discussing the origin of the iron ores of the neigh¬ 
bouring Bhadravati-Joladhal region, V. T. Venugopal has 
ollered quite a difl’erent suggestion. According to liim, “ the 
large quantity and gn^at concentration of the iron oxides makes 
their formation from the rocks in which they are found some¬ 
what improbable and leads one to doubt if they may not re¬ 
present almost' entirely introduced material, and the amxihi- 
boles either secondarily developed or remnants from the ad- 
jacicnt schists. Since the uj)i)er division of the Dharwars in 
Mysore consist of the Champion Gneiss Series, and two acid 
phases, the fine-grained intrusives and the intrusive 

granitic phase, have been recognised, and since in some phases 
the iron-bearing formations seem to be related to the acidic 
Xdiases, it is to be doubted whether they may not be extreme 
differentiation products, on the analogy of the charnockite 
quartz magnetite rocks. One of the field evidences in support 
of this is, that the Chaminon gneiss granite, so far as has been 
observed by the writer, was not seen to intrude, cut through 
or hold as an inclusion, the type of the banded hematite quart¬ 
zite of the Dharwar age. Again there are quite a number of 
types of the ferruginous quartzites, from those that contain 
a very small per cent of iron to those that are rich in it. These 
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iron oxides are primary ores and not replacement ores and the 
way in which they occur point to their origin beinj? simulta¬ 
neous with the quartz which should have btMui the end phase 
of an acid magma ” (Vemigopal, 1924, p. 207). 

In 1010, Dr. Smeeth left the question of origin open. “If 
the series is not of sedimentary or chemical origin, it is 
extremely difficult to find a satisfactory explanation for it 
on account of the completeness of the metamorphism and the 
difficulty of finding good contacts. It is not impossible that 
these banded rocks represent sills of highly ferruginous cha¬ 
racter, subsequently altered to quartz and magn(^tite or t‘ven, 
in some cases, sills of a quartz magnetite rock such as will be 
referred to lat(‘r in connection with the charnockite seri(»s.... 
As to their sedimentary or aqueous character, definite ])r()of 
is lacking, but the great consensus of opinion is in favour of 
such a view” (Srneeth, 1916, pp. 9, 10). The last sentence 
does ]iot, however, refer only to Mysore, but to the banded 
ferruginous quartzites occurring elsewhere in the world. 

His latest views on the subject were expressed in a lecture 
to the Geological Socicity of London where he makes no men¬ 
tion of the sedimentary origin but has suggested that some of 
the banded quartz iron ore rocks might be the metamori)ho8(id 
relics of ignenus rocks comiiosed, in great measuio, of highly 
ferruginous amphiboles (such as cummingtonites) or other 
chemically altered minerals (Srneeth, 1918, x). Ixxxv). This 
is the official opinion of the Mysore Geological Department 
regarding the origin of the ferruginous quartzites, excex)ting 
for those associated with the charnockites, which arc suj)posed 
to have been formed by magmatic differentiation (Jayaram, 
1912, pp. 92-93 ; 1913, pp. 80-82). 

In the latter part of the year 1932, the writer led an ex¬ 
cursion of geology students of the Mysore University, and 
one of the areas visited was the Bababudan Hills. The well- 
known Kaltippur-Kemmangandi section was examined and 
the Santaveri-Kalhatti section which had not so far rectuved 
the attention of geologists was carefully studied. As a result 
of this visit, it was noticed that the occurrence of amidiibole 
minerals, esx>ecially bababudanite, was confined to zones in 
the immediate vicinity of igneous contacts (Pichamuthu and 
Srinivasa Kao, 1933, pp. 276-77). This discovery was of 
no small significance in the genetic (considerations of the 
Bababudan iron formations and seemed to warrant a close 
study of the whole inobh^m from a fresh point of view. 

The amphiboles were quite fresh with very bright lustre 
excepting where they had been exx>osed to superficial weather¬ 
ing agencies. An important iioint in connection with their 
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mode of occurrence was, that in many cases tln^y were di^ve- 
loped ri^^ht across already existing bands in the quartzites 
(Plate III, Fig. 1), and so were formed decidedly after the 
ironstom^s had acquired their banded nature. Moreover, if 
the ironstones have resulted by the decomposition of such 
highly magnesia-bearing arnphiboles such as cummingtonite 
and bababudanite, one has to postulate some cause for the 
almost total disappearance of tlie magnesia from the banded 
ferruginous quartzit(‘s, leaving behind only the iron and silica. 

The association of iron-rich members of the amphibole 
group with ferruginous quartzites has betm notic(;d in other 
parts of the Mysore State. In the Chitaldrug (Sampat Jytuigar, 
1905, p. 72), Tiimkur (Sampat Iyengar, 1906, p. 51), Pangalore 
(Sen, 1912, p. 123), Shimoga (Sen, 1916, p. 148) and Mysore 
(Jayaram, 1917, p. 101) Districts, such occurrences hav(i been 
described. Definite' evidence of the metamorphic origin of 
the arnphiboles in the ferruginous quartzites of the Kudremukha 
and Gangamula regions, Kadur District, has been obtained 
by Sampat Iyengar (1912, p. 61). A similar nndamorphic 
development of arnphiboles has been rt'corded from the llassan 
District (Kama Kao, 1924, pp. 178-79) and elsewhere in the 
Kadur District (Smeeth, 1910, p. 44). In the Bangalore 
District, S(*n found garnc'ts in association with the arnphiboles 
in the ferruginous quartzites. 

Am])hibol(‘s like griinerite, cummingtonit(‘ and hudsonite 
occur in the iron formations of Madagascar (Lacroix, 1922, p.535). 
In Africa, the banded ironstones have often been metamor¬ 
phosed leading to the development of arnphiboles (Wagin^r, 
1928, p, 72). J^imilar phenomena are also noticed in the 
Vredefort Mountain Land, whercj the lowi‘r Witwatinsrand 
Beds have bet'ii altered through the combined elfects of static 
and contact metamorphism (Hall, 1925, p. 135). 

Frequently, during rre-Cambrian time, the iron-bearing 
formations of America were metamorphosed by igneous intru¬ 
sion and one of the results was the formation of arnphiboles. 
Numerous references to such occurrences are found in the 
publications of the United States Geological Survey. Accord¬ 
ing to Kicharz, perfectly crystallised arnphiboles cannot form 
under even the greatest dynamic processes but high tempera¬ 
ture is required which cannot be developed by mountain 
folding and faulting (Kicharz, 1927, p. 697). 

Source of Soda and Magnesia ,—The analyses of cumming¬ 
tonite and bababudanite contain a high percentage of magnesia 
while the latter mineral and the non-pleochroic acmite arc 
soda-bearing. The analyses of the ores d(irivcd from the 
banded ironstones of the Bababudans near Kalhatti show 
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that thoro is no trace of soda, but that there are small per¬ 
centages of magnesia varying from 0*28 per cent to 0-5J per 
cent (vide Table ITI). The crocidolitc found in the banded 
ironstones of South Africa contains soda varying from 3*90 
per cent to 7 *71 per cent. According to Hall, the sour(*.e 
of this soda is an extremely difficult question to which no 
answer has so far been found satisfactory in every respect, 
lie considers the soda to be original and d(q)endent ii])()n 
special conditions of deposition and the postulate of soda- 
rich laycTS in the ironstones appears to liim <,o oiler least 
objection (Hall, 1930, p. 252). Peacock in dealing with tln^ 
problem of the origin of the amx>hibole asbestos in Hoiith Africa 
points out the three following possibilitievs : (i) soda may hav(' 
l)een a foreign constituent introduced by travelling solutions ; 
(ii) crocidolitc may occupy the place of pre-existing soda- 
rich ba.nds ; (iii) soda may have been uniformly distributed 
through the ironstones and subsequenily concentrated in 
(‘.ertain bands. After discussing each of these sugg(‘stions, he 
favours Hall’s conclusions (Peacock, 1928, pp. 271-72). 

As has been suggested earlier in this paper, the writer 
consid(Ts that in t-ln^ Bababudan area, certain layers in the 
ferruginous quartzites were originally soda-rich, the materials 
being derived from the disintegration of the adjoining spilitic 
rocks. Bababudanit(‘ and aernite have develop(id in th(^se 
soda-bearing lay(rs when they were sufficiently near igneous 
contacts. 

In the two analyses of the South African ironstones 
published by Hall, tin* percentage of magnesia is seen to be 
0-35 and 0 42, whereas crocidolitc contains amounts ranging 
from 1 *37 per cent to 4*55 per cent, and amosite from 0-74 
per cent to 8*50 per cent. In several places in vSouth Africa, 
the amphibole seams are found in close proximity to the 
underlying dolomites. This association is not likely to be 
purely accidental and indicates the dolomites as the probable 
sources of the magnesia. In the case of the Low(^r Griqua Town 
Series, this genetic connection with the dolomites is less appa¬ 
rent, since the crocidolitc veins seem to be spread out over a 
gr<'ater vertical range. Peacock (1928, p. 271) while discussing 
this question, is inclined to explain the magnesia in the amphi- 
bol(\s i-o local coiKientration and refers the greater abundance 
of crocidolitc seams in the lower reaches of the ironstone for¬ 
mation to the higher temperatures which probably obtained 
at the lower horizons. This implies that the eirects of igneous 
intrusion, vdiether direct or indirect, are mainly responsible 
for the transformation of ironstone into amphiboles. 

Holomites cannot be considered as the source of the magne¬ 
sia in the Bababudan area because no magnesian limestones 
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are found associated with the iron formations (unless the tremo- 
lite aetinolite schists are considered to be metamorphosed 
magnesian liim^stones), though it might explain the occurrence 
of cummingtonite in the adjoining Bhadravati-Joldhal area, 
where dolomite underlies the ironstones. The writer is of the 
opinion that local concentration of the disseminated magnesia 
and the formation of the amphiboles by igneous intrusion, is 
perfectly in accord with the conditions pertaining to the occur¬ 
rence of cummingtonite and bababudanite. Hall has clearly 
shown the g(metic connection between the Bushveld intrusion 
and the formation of amosite in the Transvaal, and crocidolite 
in the Cape Belt (Hall, 1930, p. 255). In the Bababudans, 
the intrusion of dykes and sills of cpidiorite is responsible for 
the formation of the amphiboles. 

Amphihole-Magnetite Schists .—Beference has already been 
mad(^ to the intercalation of thin bands of fresh-looking dis¬ 
tinctly reerystallised amphibole layers, containing magnetite. 
These have ])eon considered up till now as representing trap 
flows or as remnants of amphibole schists which by alteration 
were supposc'd to have yiedded the hematite quartzites. This 
view does not explain why such layers are, at present, found 
quite unaltered in the midst of the banded ironstones. Their 
thinness, their restricted horizontal extent, their grading into 
the underlying and overlying layers and their mimual and 
chemical composition are all against considering theses amphi¬ 
bole layers as r(q)r(\s(mt-ing an igm^oiis rock. Tliey an^ formed 
by the thermal metam()ri)hism of certain of the original layers 
in the ironstones. 

Argillite .—The occurrence of a dark grey argillite has 
been observed in the ironstones. This rock, because of its 
compactness and jointed nature, had been mistaken hitln^rto 
for a glassy basaltic flow or sill. Its identification by the 
writer as an argillite, makes it ilitticiilt to account for its origin 
if the ironstones are considered to be metamorphic derivatives 
of an igneous rock, but is capable of explanation if the whole 
seri(*s is considered to be sedimentary. 

Clay .—Heposils of reddish clay have long been known to 
be associated with the f(»rruginous quartzites of iihe, Bababudans. 
They have been considered by some of th(i Mysore geologists 
to be formed by the alteration of trap intercalations. The 
same persons have also considered the fresh amphibole schists 
as unaltered remnants of traps. Acceptance of these views 
involves certain difficulties. The original trap rocks are 
supposed in part to alter into reddish clay, while some portions 
give risi' to the banded ferruginous quartzites and others form 
the amphibole schists. The difficulty is increased when these 
types are seen to alternate, as they do sometimes. 
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Banding. —Tho perfect natilrc of tlie quartz anil iron ore 
banding is a distinctive feature of the ferruginous quartzites 
of this area. This has been accounttMl for by postiUlating 
lit-par-Ut injections of quartz veins (Sainpat Iyengar, 1908, 
p. 76). It is difficult in this manner to account for the extreme 
uniformity and regularity of the bands ov(t larg(^ areas : a 
satisfactory explanation has also to be given for the source 
of this quartzose material. 

Under the microscope, the quartz layers are themselves 
seen to be banded, being composed of layers of different grain 
size, any single band containing fairly uniform grains of quartz. 
It was also noticed that the quartz layers contained lines of 
inclusion which passed without interruption through adjoining 
grains of quartz and which were themselves dispos(*d parallel 
to the bedding planes. These features are evidences of crystal¬ 
lisation from an original gel (Boydell, 1925, p. 203). 

Interformational Folding. —The presences of interforma- 
tlonal folding in the', ferruginous quartzites cannot be (explained 
if these rocks are considered to be derivcMl by the meta- 
morphism of an original igneous formation. The occurrcaice of 
these folds is a very good proof that t.ln^ layers were formed 
successively one after another as a sedimentary deposit. 

CrosH-cutting Veins of Quartz. —It has been observed that 
veins of quartz sometimes cut across the general direedion of 
banding. The quartz of these veins is of different texture 
and contains coarsely crystallised hematite. Such an occur¬ 
rence would suggest that these veins were of later injection. 
But Goodchild, in his contributed remarks on BoydelFs paper 
on “ The role of colloidal solutions in the formation of miiuTal 
deposits”, explains such veins as follows: “ By whatever 

proc(\ss banded Inmatite quartzite is produ(*ed, suppose one 
called alternate bands, positive and negative. If there is any 
disturbance in such a luocess, most important, results ma.y 
follow. The rhythm may alter its direction, something like 
an eddy in a stream. Along a ‘crack’, a(*.tual or potcuitial, 
in the matrix, positives and negatives work out. abnormally 
across the normally parallel bands. Tin* result is a cross vein 
of quartz of different texture” (Goodchild, 1925, p. 291). 
The occurrence of these cross-cutting veins of quartz do<\s not 
therefore conflicl. with the sedimentary origin of the ferrugi¬ 
nous quartzites. 

Oradation betiveen Igneous Forks and Ferruginous Quartzites. 
—One of the arguments in support of the metamorphic origin 
of the fc^rruginous cpiartzites has been the gradation noticed 
in som(‘. places between the underlying traps and th(^ ironstones 
(►Sarnpat Iyengar, 1916, p. 123). It is interesting to refer in 
this connection to the similar transition observed in the Lake 
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Superior region. The Kcewatin basalt shows a gradation 
phase througli siliceous basalt into banded siliceous iron¬ 
bearing formation ; in several cases it has been practically 
imxiossible to draw a line between unaltered basalt and the 
iron formation (Van Hise and Leith, 1911, Plate XLVIII). 
The gradation, according to Van Hise and Leith, seems to be 
original, and has be(m adduciMl by them as an evidence to show 
that Ihe associated iron ores of the basic igneous rocks are 
not later secondary replacements of such rocks, but that they 
wen', precipitated soon after the crystallisation of the igneous 
rocks. The silica is supposed to have been deposit(Ml under 
conditions dilTering radically from those observed to-day 
(Leith, 1910, p. 242). 

The writer’s observations on the Kalhatti section, which 
yields fairly satisfactory exposures showing the relationship 
of the banded ferruginous quartzites to the underlying rocks, 
indicate that the transition from the iron-bearing rocks to tlu^ 
epidiorites is not so gradual as has been suggested by Sampat 
Iyengar. 

Oreenalite .—The original rock from which the Lake Supe¬ 
rior iron formation was derived is considered to be cherty iron 
carbonate and greenalite. No traces of any grcumalite^ granules 
have yet been noticcnl in the Bababudan iron formations. It 
must, however, be remembered that greenalite is absent in 
the Biwabik Formation of the Mesabi Bange of the Lake 
Superior field. Wolff believes that the bulk of the iron oxides 
in the Biwabik Formation is in the same “ chemical state ” 
now as that in which it was laid down (Wolff, 1917, pp. 233-35). 
Greenalite is not a very stable mineral, and it is likely that it 
was present and has subsequently altered. No greenalite 
has been observed in any of the South African banded iron¬ 
stones but this according to Wagner “ by no means disproves 
that it may have been originally present ” (Wagner, 1928, 
p. 04). 

Siderite, —Siderite was also not met with in the Bababudan 
area though its occurrence in the iron formations of the Chital- 
drug District of Mysore has been recorded (Sampat Iyengar, 
1905, I). 85). Evidences, however, of the former oiiinirrtmce 
of a carbonate mineral may be inferred from the pri'senee 
of areas exhibiting rhomboliedral outlines (Plate IT, Fig. 4). 
These are now composed of granular quartz but invariably 
there is difference in grain size between these areas and the 
surrounding matrix. In the South African ironstones, tlu^ 
chert layers show clear rhomboliedral areas occupied by com¬ 
paratively coarse-grained quartz, indicating that a carbonate 
has been leached out and its jilace taken by quartz. The 
carbonate itself is nowhere preserved, but it is surmised that 
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the mineral is siderite (Wagner, 1921, p. 120). Similar features 
have also been noticed in Noamundi but, according to Dr. 
Percival, the carbonate is dolomite (1931, p. 224). In the 
Bababudans, these rhomb-shaped areas are oft<m sur¬ 
rounded by zones of iron ores and hence it is likely that the 
original mineral was siderite. 

Dolomite ,—The association of the banded quartzites and 
dolomite can be interpreted as indicating that the cherts werc^ 
of marine origin. The Bababudan ironstones do not occur 
Avith dolomite, but in the neiglibouring Gangiir-Joldhal area, 
the ironstones are overlying dolomites, and cummingtonite 
has also developed. Though the iron ore deposits of these 
two areas are now isolated, there is no doubt that these once 
formed one continuous exposure. Tt may be that the cal¬ 
careous sediments were conllncd to one portion of the sedi¬ 
mentation basin and the ferruginous material followed this 
over the whole area. The lack of lime in the Biwabik forma¬ 
tion, Lake Superior, has becui explained as follows by Gruner : 

‘‘ There is no reason why calcium and the larger part of magne¬ 
sium carried to the s(*a l)y rivers could not have been deposited 
in a different, probably a deeper, iiart of the ocean. The 
occurrence of almost pure limestone certainly proves that 
there has lunm s(^paration of the constituents of river waters ” 
(Gruner, 1922, p. 150). The association of dolomite and ferru¬ 
ginous quartzites has been noticed in ot her parts of the Mysore 
^^tate (Balaji Bao, 1922, p. 133). 

Source of Iron and Silica ,—The idontitication of true 
amygdales in th(' associat(‘d Lingadhalli epidiorites (Picha- 
mutliu, 1932, ]). 137) proves t hat these ro(*ks are of the nature 
of volcanic Hows. The occurrence of basic lavas with iron 
formations has been observed in the Jjake Superior as well as 
in the Gogebic Kange (Hotchkiss, 1919, p. 501), Hudson Bay 
(Leith, 1910, p. 227) and the Belcher Islands (Moore, 191<S, 
pp. 412-38). A similar association has also been noticed in 
South Africa (Wagm^r, 1928, p. 20), (dsewluTe in India (Dunn, 
1929 ; Jones, 1.923) as well as in other parts of the world. 

Gruner, in discussing the origin of the Biwabik iron for¬ 
mation, has pointed out that the silica might be derived from 
submarine flows, for, if hot lavas were ])oured out on the ocean 
floor, there must have been great chemical reaction and physical 
disintegration an<l, though this would not contribute colloidal 
silica direcfly to the waters, diatoms and probably other organ¬ 
isms could abstract silica from the detrital mat(Tial (Murray 
and Irvine, 1891, p. 248). Gruner, however, favours the 
hypothesis that iron and silica wc^re derived from land and 
transported by rivers, for such a source would give a steady, 
supply of material over a long period. Gill has the same 

3 F 
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explanation for the sonreo of iron and silica in the Gunflint 
formation (Gill, 1927, pp. 087-728). Moore and Maynard, 
after a seri(\s of (‘xporiments, have come to the conclusion 
that carbonated water is the most effective solvent and that 
it. is able to dissolve sufficient, iron and silica from a basic ter- 
raiiK' to form a lar^o sediimmtary iron dc^posit (Moore and 
Maynard, J929, p. 270). 

Conditions necessary for such an origin of the ferruginous 
quartzites are available in the Bababudans. The prevailing 
rocks are the basic sciiists, which would have formed not only 
the ocean floor but the surrounding land arear sulgect to de¬ 
nudation. Associated with the ironstones are thcAingadhalli 
epidiorite flows A\hich might have been subni^^ne yielding 
abundant silica and iron by decomposition and"dfsintegration. 

The i)recii)itation of iron and silica is supposed by some 
to have been caused by the influenoo of algfc or bacteria. 
Harder (1919) investigated this probhun and came to the 
conclusion that at tlu^ present tinu^, wherev(‘r fc^rric hydroxide^ 
was being deposited, it was largely due to the action of iron 
thread bacteria, but these bacteria have never been found in 
the sea. Filamentous types of algje were reported by Grnner 
(1925, pp. 151-52) in the Soudan cherts of th(^ Vermilion 
District, Minnesota, but ITawl<*y (1925) produced similar 
shapes in the laboratory by inorganic processes. It seems, 
therefore, unnecessary to invoke tire influence of organisms, 
to account for the formation of the banded ferruginous quart¬ 
zites. According to Zappfe (1931 ; 1933), the ordinary pro- 
ccs8<\s of weathering of rocks can contril)ufe enough iron and 
silica for the deposition of such strata. 

(e) Origin of the Banding. 

In discussing the origin of banding in the Lake Superior 
iron formation, Van Hise and Leith state that when ferrous 
silicate conies into contact with cahdum carbonate, ferrous 
carbonate is pr(‘cij)itated. This jireoipitate is ilocculent, 
settles slowly and in settling shows a distinct t(‘ndency to 
aggr(‘gale int.o bands separated by varying amounts of free 
silica. Moor(*. and Maynard formed banded iron and silica by 
Liesegang’s method, but they do not consider that this cxida- 
nat.ion is applicable^ to tlie^ formation of banded ferruginous 
quartzite of great thickness. They carried out further experi¬ 
ments to determim* whetlu^r banding of iron and silica could 
be brought about by simple sedimentary processes. Freshly 
precipitatiMl colloidal ferric, hydroxide and gelatinous silica in 
the proportion of three', parts of silica to one part of ferric 
hydroxide, weri*. well agitated in a tall vessel containing sea 
water and then allowed to settle. In a few hours, they found 
that the greater portion of the ferric hydroxide, along with 
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considerable silica, settled to tlie bottom of tlie v(\ssel. Tlie 
ferric bydroxid(i i)reci])itate was of a light reddisli brown 
colour. On exaTnining the vess(d several days later, it was 
seen that this reddisli brown layer graded upward into a layer 
of almost pur(‘ white gelatinous silica. This differential 
settling of a disturbed deposit of giilatinous silica and ferric 
oxide is considered by them to be important geologically, for 
in this mannhrff^ banding may be instigated, whicli at a later 
stage may be eft|usiderably enhanced by metamorphism. From 
experimental rcriidts, they suggest that th(^ banding in some 
of the Fre-/3amJ^rLi^ iron formations could be brought about 
at the timer ofe QJtr, deposition through the diifereuthd coagu¬ 
lation of the^iSdK^^ljgilica by the electrolytes of the sea. The 
mutual reaCttoTt^^Wiften oppositely charged particles of iron 
oxide and silicai^Blfe gg ttbidal solution, sup])l(unented by s(‘(li- 
mentation, has DOTP^onsidered by Jloychdl as the cause of 
banding (Boydc'll, The exxierimontal work conductiMl 

in the Laboratory of Colloid Chemistry of the Indiana Ihii- 
versity tends to support Van Ifise and Leith, and proves that 
reactions in a silicti gel will produce, under proper conditions, 
wiill-defined bands of ft?rrous carbonate, se])arated by silica 
bands (Hartman and Dickey, 1932, p. 1131). 

The nature of the banding in the J^ababudan ferruginous 
quart/ites has already been d(^scribed. According to Sampat 
Iyengar, “ the thin quartz layers of tin* ro(*k are partly secondary 
enri(*liment in the schists at the expense of the fibrous cuni- 
mingtonite”. Th(‘-y are mainly intrusive in character and 
it is quite probable that a certain amount of lit-par-lit injection 
of th(^ quartz veins in the ferruginous amphibolit(‘s and the 
residual clays might have taken place with the r(\sult tliat a 
thorough and regular banding of the quartz with the ditTerent 
c.onstitiKuits of the iron ores has bc'cn ell’ectiMl by substiquent 
pressure acting upon the whole mass of the schists ’’ (yampat 
ly(Uigar, 190S, p. 70). The writer considers it extremely 
improbable that the banding in such a large formation could 
have developed by the mere in aiiu alteration of a basic schist 
or by the lit-par-lit injection of quartzose material. The layers 
are not in all cases moiiomineralic ; there are all stages and 
gradations and, when some of these bands are examined under 
the microscope, the individual layers are themselves seen to bo 
composed of more minute stratification. When the Himplon 
tunnel was excavated through the Alps, a vein of silicic acid 
soft enough to dig out with the hand was met with (Tyrrell, 
1930, p. 221). Tt is likely that the ironstones were at one 
time in a similar gelatinous form, and that a reaction analogous 
to the Liesegang phenomenon took place giving rise to the 
banding. 
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7. SUMMARY AND CONCLUSIONS. 

This paper (•contains a detailed study of the geology of 
the Eastern Eababiidans. For tlie sak(‘. of eoinph^teness, 
some of the information aln^ady ]uiblished by the writer in 
earlier papers has been ineorporatcMl. Six new analyses of 
roe.ks and minerals oeciirring in this area are given in this 
report. 

The iron formations rest on epidiorite ilo s. intercalated 
between these, and sometimes associatiMl witl j?th(^ f(n*ruginous 
quartzites, occur thin beds of argilliici which were eonsidc^red 
hitherto as aphanitie gr(‘enstones. The argillik^ ii^ hornfelsed 
near igneous intrusives. (Udorite, tale, tnunolite and aetinolite 
schists are interbedded with the ))and(Ml ferruginous quart¬ 
zites. The exact mode of origin of these schists is not quite 
clear and is under investigation, but whether some of tluun 
represent igneous intrusives, eont.(un}>orau(Hjus lava flows or 
dynamically metamorphos(‘d impure magnesian limestones, 
the reasons adduced in this paper for considering the banded 
ferruginous quartzites as sedimcuitary, reuuain unall’ected. 
Dykes and sills of quartz dolerite, now epidiorilise'd, traverse 
the hills and, as a result of their intrusion, ampliiboles such as 
bababudanite arc developed at contact in the ferruginous 
quartzites, and hematite has been converted into magnetite. 
The felsitic rock from Galipuje and the quartz-tourmaline 
veins are briefly described. 

The ferruginous quartzites occurring in the Mysore State 
are supposed to be confined to the upper chloritic division of 
the Dharwars, but the writer considers it probable that these 
rocks are developed both in the hornblendie and cliloritic 
divisions. 

The economically important iron ores, for which the 
Bababudans is famous, are next di^scribed, especially the rich 
deposits near Kalhatti and Kemmangandi. The iron ores are 
derived from the banded ferruginous quartzites through the 
agency of descending surface waters, by the leaching out of 
the silica and the deposition in its place of oxide of iron or 
simply by the removal of the silica in solution. In some 
cases, the bedded ores have accumulated as regular sc^dimentary 
bodies and it is suggested that the formation of these ores has 
taken place during Post-Carboniferous and later periods. 

The major ])ortion of the paper is devoted to the study 
of the banded ferruginous quartzites. These rocks, which 
exhibit extraordinarily fine bandings of silica and iron oxide, 
occur as thick beds capping the hills, and forming precipitous 
slopes on the outer margin of these ranges. Quartz, which is 
an important constituent, occurs as granoblastic aggregates 
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but sometimes forms layers of librous crystals. The i>hysical 
and optical properties of the soda-amphibole bababudanite 
are given ; the new analysis of this mineral agrees fairly well 
with the formula 

4 NaFe''' (SiOgl^. 2 FeSiOa. 3 MgSi03. 

Detailed descriptions, imtluding a chemical analysis, are also 
given for the non-pleochroic acmite found in this area for the 
first time by the writer. Asbestos and crocidolite have been 
recognised, occurring in thin layers associated with the banded 
ferruginous quartzites. 

The thin intercalations of amphibole-magnetite schists 
were (considered hitherto as remnants of basic igneous rocks. 
The analysis of this schist shows that it bears no resemblance 
to an igneous rock, but that it is closely related to the similar 
rocks occurring in the Lake Superior region and wliich have 
been considi^Tcd to be metamorphosed sediments. Like the 
mineral bababudanite, thes(c amidiibole-magnetite schists have 
also originated as the rc^sult of contact metamorphism. 

The official opinion in Mysore regarding the origin of the 
ferruginous quartzites is, that they are metamorphic deriva¬ 
tives of basic igneous rocks. The writer has endeavoured to 
show in this paper that this view is untenable, and that these 
rocks are scdiimcntary in origin. The silica and iron, part of 
which might be derived from the contemporaneous Lingad- 
halli flow, have been deposited as chemical precipitates, and 
the fine banding of the rock has originated by processes similar 
to the Liesegang phenomenon. Some of the arguments put 
forward in this paper in favour of the sedimentary origin of 
the ferruginous quartzites are : the secondary nature of the 
amphiboles and the amphibole-magnetite schists and the 
calcium-magnesium ratio in these rocks ; the presemee of thin 
beds and intercalations of argillite; the very fine banded 
nature of the rock ; the occurrence of interformational folds ; 
and the indications of the former presence of siderite. 
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EXPLANATION OF PLATES. 

Platk I. 

View from Attif<uudi, of a portion of tin* Habahudans, 
showing* th(‘ eharaeteristie seenery of these hills. 
Tin* slop(‘s an‘ smooth ami jirass-eov(‘r(‘d, while 
the valh‘ys an* thiekly forestcMl. The third peak 
on tin* h‘ft is Mnlain<»iri, 9,.410 f(‘et abova* sea h*\a*l 
and the hi^>4u‘st i)oint in the Mysore State. 

Part of t-lie I\(*mmanj*andi Iron Min(*s. 

Platk II. 

Ordinary li^ht. S<‘etion of ])ande(l f(*rrn^nnons 

quartzite*. xlO. 

Ordinary lij»ht. S(‘etion of a. portion of an 

int(*rformational fold. Om* of tin* thin lamina* is 
S(*(*n to be broken up. xlO. 

Oi’dinary li^ht. S(*etion of hornf(*ls(*d argillite. 

The* ban(l(*d nature* of the rex'k is visible*. The* 
amphibe)l(*s she)W a deeussate* arrani>e*me*nt. x22. 

Orelinary li^lit. lMie)mbe)he‘elral are‘as in the* 

fe*rru^ine)us (iuarlzite‘s. The*y are* be)reie*re*el ])y ire)n 
ore* anel fe)rme*el of "rains of epiartz whieh are* 
(*oarse*r-."raine*d than those* in the matrix. The‘se* 
are*as pre)ba])ly repre*s(*nt ])se*uelomorphs afte‘r 

siele*rite. x 10. 

Plate IH. 

Orelinary li"ht. (h’ystals of ])ababnelanite‘ in 

ferruginous eiuartzite. The erysta.ls are* elispe)se‘d 
ri"ht. ae-re)ss t he bamls. X 10. 

Ordinary li"ht. Hababudanit(‘-ma"ne*tite sehist. x22. 

Orelinary li^ht. Portion of a laye*?* of librous 
])a4)a])nelanit(*. X10. 

rross(*d nieols. Section of a band of librons quartz. 

x22. 
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“APPARENT” AND “TRUE” 
ADSORPTION FUNCTIONS."' 

By K. S. GUBtIRAJA Doss and Basbub San.hva Rao. 
(Department of Chemistry, Central College, Bangalore.) 


PART I. THEORETICAL. 

The Ostwald'Bartell Expression for Apparent Adsorption. 

Tn measurements of adsorption in solution hy porous 

— P \ 

adsorbents it is usual to plot against where .M 

is the mass of the binary mixture, G is the mass of the 
adsorbent, <?, and the weight per cent, of one of tlie com¬ 
ponents in the mixture before and after adsoriition, resp(‘e(ively. 
This function is shown by Williams^ to represent only 
apparent adsorption as it differs from true adsorption in not 
taking into account two factors: («) the adsorption of the 
solvent and (b) the change in mass of the solution consequent 
on adsorption. In dilute solutions these two factors are of 
negligible importance and hence apparent adsorption will be 
equal in magnitude to true adsorption. For the calculation 
of true adsorption from apparent adsorption, W'illiams has 
.suggested the measurement of “Total adsorption’’. .lones and 
Outridge* have pointed out that total adsorption is equal to the 
product of the average density of the liquid adsorbed and the 
internal volume of tlu' capillaries of the adsorbent. 

Several attempts have been made to explain the apparent 
adsorption-concentration curve. Ostwald and Izaguirre® have 
observed that true adsorption follows the Frcundlich isotherm 
in dilute solutions. Assuming this to be true for all concentra¬ 
tions they have derived an equation which satisfactorily 
expresses experimental results. From similar considerations 
Bartell and Sloan* have arrived at the same relation and lind 
it in good agreement with their experimental data. The above 
workers have all concluded that the apparent adsorption- 
concentration curve can be interpreted as the result of the 
superposition of the two Freundlich isotherms corresponding 


• Part of the Thesis on "Studies in Adsorption " submitted by K. S. G. Doss 
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to the true adsorption of each of the eomponents in the binary 
mixture. 


Whether true adsorption ean be represented by the Freund- 
lich isotherm may now be considered. Though the inapplica¬ 
bility of the Fnmndlich isotherm for true adsorption over the 
whole range of concentration is almost obvious (this term is 
used in the sense defined by Hardy : “Pure Mathematics”), 
the following formal ])roof may be given. The proof consists in 
showing (a) that the two Freundlich isotherms cannot both 
have an index loss than unity, (b) that one of the two Freundlich 
isotherms cannot have an index greater than unity (while the 
other has an index less than unity), and (e) that both the 
Freundlich isotherms cannot have an index greater tlian unity. 

(a) The experinu^ntal investigations of Bachmann^ and 
Jones and Outridge/* show that the adsorbates in a porous 
adsorbent are not subject on the average to an}^ considerable 
compression. The Ostwald-Bartell expression for total adsorp¬ 
tion can therefore be equated to the product of V the internal 
volume of a gramme of the adsorbent and the mean density 
of the adsorbate. Thus, 

where c is the concentration of the first component in tlie 
solution in equilibrium with the adsorbent, a and p are tlie 
constants of the Freundlich isotherm for the first component 
and j8 and (/the corresponding constants for tlie second. JSow, 


dp^r _ dpir de 

d(\r dr dca^ 

A 


But - ;3</(100- r)?-"} 


1 


and since 

- 

ile 


lOOar/* 


aef -l- j 8 (l()(» - vf 


, we get, 


+ /3(10()-r)«'} - lOOae^ - ]8^(1()0 - <•)?-'} 

cy\- 

d(\, ■ 

.s 

{ge^ +/3(1()0 - e)?}" 

100ape^-‘ {ar/' + j8(l(K>- ef) - lOOae/* {apf/ * - /if/(100 - e)*"'} 

_ - j8^/(100 - ef-'} _ 

iO()apo/'-'j8(ioo — <-y + ioooff/’.jS^Ooo- cy-'- 





“Apparent” and “True” Adsorption Functions 51 


As p and q are both less than unity, 
Lt ^ = Vapc^-y/ 


c-> 0 


dCg. 100apc^-%iOQ - cf 


_ Vp/ _ /3l00?-i _ p, 

^iO0«'+‘ ■ V ■ 100’ 

since p„ =- pg, the density of the second component. 

(at <-=0) 


Similarly Lt 


_ _ 


r->100 


Pi 

100 


since 


(at r=-100) 


Pi, the density of the first component. 


But, since the adsorbates are not subject to any considerable 
compression on tlie average, 


dc^ 

where p^-^r is the density of the binary mixture having 
of the first component equal to Thus, 

=- • and 

100 ’ ^ ^ de, 100 


dc^ 
(at r=0) 


dc„ 

(at c-100) 


percentage 


[Tn this proof as w(dl as in the following ones we have 
considered only the 1^eoe«sary requinments of the density 
concentration curves, for the Freiindlich isotherm to be applica¬ 
ble for expressing true adsorx)tion. The necessary and sufficient 
conditions are bound to be more severe.] 


The implications of tliese conclusions are (i) the density- 
concentration curves of binary mixtures always have a 

maximum, (ii) they must liave the respective slopes and 


~~ i^O c—100. Since these conditions are too 

severe to be satisfied by the common binary mixtures it may 
be concluded that both the true adsorption functions of the 
components of binary mixture cannot follow the Freundlich 
isotherm in the stricitest sense (?.c., with fractional indices). 

(b) If ^>>1 and r/<l, as has been cmxiloycd by Jones 
and Outridge^ 




Lt, _ ft 

r -> 100 dc^r 100 


Lt = 

r-> 0 


Pa 

100 


and if p<l and q 
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—conditions which are severe enough by themselves to be ever 
satisfied by any binary mixture usually met with. Thus, 
one of the Freundlich isotherms can never have an index greater 
than unity. 

The Ostwald-Bartell expression for apparent adsorp¬ 
tion (which is deduced on the assumption of the applicability 
of the Freundlich isotherm for true adsorption) works out to 
bo, 

„ _ ac^(100 - o) - )3c(100 - c)? 

” 100 
Differentiating, we get, 

dS - c) - ac^ -f pqc{100 - - j3(100~ cf 

do 100 

If p and q are both greater than unity, 

is negative both when c=0 and when c==100. 
dc 

This means that there would be a negative adsorption of each 
component on its low concentration side giving a type of curve 
theoretically inexplicable and never met with in practice. 
Tt may therefore be concluded that the Freundlich uotherm 
is inapplicable for representing the true adsorption function over 
the whole range of concentration. 

This conclusion is amply confirmed by the results of Jones 
and Outridge^ as the values of true adsorption calculated from 
their empirically well-founded equation do not correspond to 
any Freundlich isotherm. The true adsorption-concentration 
curves for the system : acetic acid, water, charcoal, are also 
not of the Freundlich form.® It may be pointed out that the 
amount of adsorption from a pure component as calculated 
from tlie Ostwald-Bartell formula differs considerably from 
the experimental values obtained by Bartell. Furthermore, 
calculating from the equations obtained by Bartell and his 
co-workers'^ for the adsorption from four binary mixtures with 
benzene as a component, the values for the amoimt of benzene 
adsorbed from the pure component, instead of being identical, 
arc found to be 4*664, 3*733, 4*808 and 3 *491 millimoles per 
gramme of gel. 

Thus the basis of the Ostwald-Bartell expression for 
apparent adsorption does not seem to be sound. 


The Significance of the Apparent Adsorption Function. 

Ill our opinion the so-called “apparent adsorption function” 
is more fundamental than true adsorption and is of greater 
significance. B. S. Kao® has pointed out the identity of the 

apparent adsorption func.tion ^ ^ with what has been 

lOOG 
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called selectivity where m denotes the total mass 

lOUCjr 

of the adsorbate per gramme of the adsorbent, Cjr the wcnglit 
per cent, of t)ie first component in the lifpiid in tli('> adsorbent 
and 67 the weight per cent, in the equilibrium solution. 
Apparent adsorption or more appropriately “selectivity” 
represents the number of grammes of one of the eomponi'iits 
retained in excess in a gramme of adsorbmit due to the 
selective nature of adsorption, assuming tliat the number 
of grammes of the mixture adsorbed does not alter as the weight 
per cent, of th(^ first component in the g(‘l phasic alters from 

€/ to Similarly the Bartell and liis co¬ 

workers’ works out to be the number of millimoles of the first 
comx)onent retained in excess in a giamme of gel owing to 
the selective nature of adsorption, the assumption being made 
that the number of millimoles of the liquid adsorbed does not 
alter as the mole fraction of the first c-()m|)onent in the gel 
phase alters from X/ to a?^. 


It may be noted that the concentrations at which maxima 
and minima occur in the ad 8 or])tion isotherms differ according 


as we plot selectivity or the —of Bartell. Identity 

in physical significance of the tAVO functions can be established 
only when the simifiifying assumptions used in connection with 
the two functions are eliminated by applying prox)er corrections. 
The correction for selectivity can be obtained thus : 


“Corrected” selectivity =- 

lUUljr 


m'cg 

IMg 


where is the total mass of mixture that would be taken 
(I 

uj) per gramme of gel if the concentration of the first comi)onent 
in the gel was 67 . So, we can put this equal to 

1 pg^s _ y pijt 

106 100 


b : ^Pg _ ^^l iPg ' pd 

■ 100 “100 

— a I ^<>l(pg — Pi) 

100 


where S is selectivity (observed) and p^r and p/ are the mean 
densities of the adsorbate and the bulk solution respectively. 

“IT A a;” . . 

The correction for - of Bartell wIkui similarly 

m 

worked out gives the relation : 




54 \L. S. Gururaja Doss and Basrur Sanjiva Rao 




— (corrected) = (observed) + Yxlpj^ — p/ ) 

where p^^ and p/^ are the total number of millimoles present 

in one c.c. of gel liquid and the equilibrium solution respec¬ 
tively, and cc is the mol fraction of the first component in the 
equilibrium solution. 

In calculating the correction factor for S one has to 
determine which can be found out by the method suggested 
by one of us.® 

The corrected quantities have the simple relation 

S (corrected) = (corrected) x 

m 1000 

while the uncorrected quantities arc related by the equation 

s = “HAO!” - «’,) 

m ^' 1000 

where Wi and are the molecular Aveights of tli»' Orst and 
second components respectively. 

It would be well to point out that applying the above 
corrections is equivalent to changing the units in which the 
quantities are expressed. The corrected selectivity is obtained 
by expressing the concentration in grammes per c.c. and taking 
into account the volume instead of the weight of the nuxture 

<<TT A iT*' 

contained in the gel. So also, one can get the corrected —- 

m 

by expressing the concentration in millimoles per c.c. and taking 
into accoimt the volume instead of the number of millimoles 
of the liquid mixture contained in the gel. 

It is of interest to note that the selectivity of B. S. Rao, 

-ee— of Bartell and the corrected selectivity are all measures 

m 

of Gibbs’ adsorption excess. In fact, these, quantities are 
related to the several quantities defined by Guggenheim and 
Adam^® in the following manner : 

g 

—~ r, of Guggenheim and Adam 
fc.A * 


“HA»” 


Ax 1000 


= AC") 


AxWOO A^' of Guggenheim and Adam 

where A is the specific surface of the adsorbent. 
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Calculation of the specific surface of adsorbent from data on 
selective adsorption. 

Of the above-mentioned quantities is of particular 

interest since in that case tlie physical interface is identical 
with Gibbs’ dividing surface. This is related to tlie concentra¬ 
tion of the strongly adsorbed componcuit in the adsorption 
region thus : 

Gibbs’ adsorption excess+Bulk concentration x Volume of 
adsorption region per unit area of interfactv^ Adsorption volume 
per unit interface x concentration of tin', strongly adsorbed 
component in the adsorption region. 

Thus + « c' = # 

where t is the thickness of the adsorption layer, c/ is tlie concen¬ 
tration of the first component in the equilibrium solution in 
grammes per c.c., and c\ the same in the adsorption layer. 
In the case of mixtures in which one of th(‘ conipomuits is much 
more strongly adsorbed than the other, it may b(' expected that 
a sort of saturation may be ri^aclied with reference to the 
strongly adsorbed component. So, it is clear from tln^ above 
equation that if Senrr. is plotted against c' a straight line 
is obtained, whose intercept on the Y-axis should give the value 
of c\ At, If (T is the cross-section of the adsorbed molecule 
(parallel to tne adsorbing surface). 


assuming a complete unirnolecular adsorption layer ; whence 
one gets : 

w. 

Thus the specific surface can be calculated. The value 
thus obtained is bound to be too low siiic(‘ tlui adsorption lay(T 
even at saturation may not consist of a complete unirnolecular 
layer of molecules of a single type. 

The Selectivity-Concentration Curve. 

It is evident from the above that the selectivity-concentra¬ 
tion curve needs an independent interpretation. There are 
two types of curves met with in practice, namely, the U-type 
and the S-type. The general form of the usual U-type curves 
met with in adsorption studies is of the same form as is 
obtained by Guggenheim and Adam, for the adsorption at the 
liquid-vapour interface by the application of Gibbs’ equation. 
The first sudden ascent seems to be due to high rate of accumula¬ 
tion of the preferentially adsorbed molecules with increase in 
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bulk concentration; next the fall begins sinc(^ tin; rate of 
increase of concentration in the adsorption region does not 
keep pace with increase in bulk concentration. The rectilinear 
portion of the curve that follows seems to be due to a sort of 
saturation of the surface by the prcfercuitially adsorb<‘d mole¬ 
cules. The final portion which d(‘>viates from rectilinearity 
is one in which the bulk concentration becomes comparable 
with the concentration of the prefenuitially adsorbed component 
in the adsorption region at the transition point. A quantitative 
interpretation of the curve seems to be dilficult as we have to 
take into account proximity of adsorbing surfaces and sucli* 
other factors. 


PART 11. EXPERIMENTAL. 

The theoretical consid(‘rations d(W(‘lo]>ed in Part 1 have 
been applied to adsori)tioii on sili(*a gel from binary mixtures 
of (a) pyridine and water, and (b) ethyl ahiohol ami carbon 
tetrachloride. 

Preparation of Materials and Technique of Adsorption 
Measurement. 

Silica gel .—The silica gel employed was prepared in accord¬ 
ance with the method described in an earlier paper. 

Pyridine. —Kahlbaurn’s pyridine was kept over sodium 
hydroxide for 72 hours and distilled. 

Water .—Conductivity water prepared in the manner 
described by Acree and Faucet^^ was used. 

Carbon tetrachloride .—The Kahlbaum product was purified 
by standard methods employed in organic chemistry, and 
finally distilled over phosphorus pentoxide. 

Alcohol.T-Absolute alcohol finally distilled over barium 
oxide was used. 

In every case the purified substance was treated with silica 
gel; no appreciable change in the refractive index was observ¬ 
able. The changes in concentration due to adsorption were 
studied by following up the change in the refractive index by 
means of a Pulfrich rcfractometer using sodium light. 

For carrying out the adsorption a weighed amount of gel 
was kept in contact with a weighed amount of the mixture in 
a stoppered “serunv’bottle. Often preliminary cooling of the 
mixture was necessary to minimise the volatilisation due to the 
rise in temperature during adsorption. The results obtained 
are tabulated below :— 
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Table J. 

Adsorption on Hilica gel from Pyridinc-Waler Mixtures. 


C/ 

91-66 

91-40 

80-00 

79-92 

07-07 

58-47 

50-2 

44*77 

10^ .. 

-14-4 

-14-9 

-.3-5 

-2-3 

15-7 

35-2 

41-5 

41*4 

10’ XScorr. •• 

-14*2 

-14-7 

-3-5 

-2-2 

15-8 

35-3 

41.0 

00-4 

701 X“nAx'' 
m 

-49*2 

-50-7 

-9-1 

-G-0 

33-0 

04-2 

73-1 

102 


Cl 

41-40 

30-93 

12-20 

11-16 

9-08 

3-77 

10’ X Sobs. •• 

70-4 

108 

138 

139 

138 

91-8 

10^ X 

70-5 

108 

139 

139 

138 

91-8 

X H A r” 

112 

142 

152 

153 

148 

94*2 


Table 1L 

Adsorption on Silica gd from Carbon MraMoride-Alcohol 

Mixtures. 


Cl XlOO .. 


i 1-6 

5-0 

13-2 

24-0 

35-2 

49-0 

00 

C/ 

0-0 

1-0 

3-3 

9-0 

17-0 

31-2 

44-2 

57-6 

10'^ X Sobs. 

91-6 

122 

184 

189 

170 

128 

100 

70 

lO'^XS 

corr. 

91-6 

111 

179 

176 

146 

98 

68 

47 

m 

91-6 

119 

171 

167 

120 

74 

49 

33 


DISCUSSION. 


The results show that the corrected selectivity for carbon 
tetrachloride-alcohol mixtures is different from either of 

the two other quantities, viz.j ‘‘selectivity” and --. Since 


m 


pyridine and water have comparable 8X)ecific volumes, their 
binary mixtures ^ivo for Soba and Soorr. practically identical 

values; on the other hand, the Bartell expression, —- 


m 


needs a large correction. (See Figs. 1 and 2.) 

There is a considerable difference of opinion as regards 
the type of curve characteristic of “Apparent adsorption”. 
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Carve II. Selectivity (obs.) and Selectivity (corr.). 


Fig. 1. Adsorption on silica gel from pyiidine-water mixtures. 



Equilibrium concentration of alcohol in weight percent, 

“IlAjr” w 

Curve I. Bartell’s-X 

m lUUU 

Curve II. Selectivity (corrected). 

Curve III. Selectivity (observed). 

FIG. 2. Adsorption on silica gel from carbon tetrachloride-alcohol mixtures. 
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Bartell and co-workers have tried to show“ that 8-typo is 
really the general form. They have an S-typc curve witli w-butyl 
alcohol-benzene-silica system as well as with ethyl alcohol- 
benzene-silica system. But Jones and Outridge* have obtained 
a U-type curve for the lirst-named system and one of us (B. 8. 
liao*) for the latter. We have repeated tlic experiments 
and confirmed the earlier work of B. 8. Rao. No negative 
adsorption of ethyl alcohol on silica gel could be obtained from 
benzene-ethyl alcohol mixtures, while Bartell has obtained a 
negative adsorption of alcohol with an equilibrium mixture 
having 90% benzene. Our results show an actual positive 
adsorption of alcohol at the same equilibrium concentration. 

Calculation of the Specific Surface of Gel. 

It has already been shown that the specific surface 
^ — “intercept” X oN 

From data on OOli—EtOH mixtures, we get “intercept” = 
0-21 (see Fig. 3); N=6-06xt0*% ^^==46; a =20-5 xl.O-'" 
calculated from work on films on water. 

.-. A =0 X10* sq. cms. per gramme, a value of the right 
order of magnitude.^* In the above calculation the influence 
of capillaries is neglected ; it is to be pointed out that in every 
one of the existing methods for estimating the specific surface 
this factor has been neglected. 



Equilibrium concentralion of alcohol 
in gms, per c,Cu 

FIG. 3. Adsorption on silica gel from carbon telrachloride-alcohol mixtures.. 
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Factors underlying Selective Adsorption. 

Freiindlich^® has suggested that tlie adsorption of a solute 
increases as the surface tension of the solvent increases. Patrick 
and Joncs^® suggest that the order of increase of adsorption 
of a solute from a series of solvents is the same as the order of 
decrease of the solubilities of tln^ solut<^ in the solvents. But 
these two suggestions (apart from their being defective in 
other ways) cannot be of general application since they do not 
take into account the specific inlluence of the adsorbing surface. 
Bartell and his (io-workers suggest^^ that the adhesion tension 
is the deciding criterion. But Bartell’s valiu‘>i^ for the adhesion 
tension of acetone is lower than that for water. 'Thus, in the 
case of adsorption by silica g(‘l from ac(‘tone-wat(‘r mixtures, 
BartelPs criterion would lead him to expect a w(aiker adsorption 
of acetone whereas the opposite has been observed by one of 
us (B. ft. Bao^). B. ft. Kao has sugg<ssted tluit, in the case 
of silica gel th(‘ surface (‘an bo approximately looked upon as 
a water surface'. Thus tlie adsorption of a solute would be 
determined by the iuterfacial tension of the solute against 
water. But this eiitcnion cannot be appli(*d to the case of com¬ 
pletely miscible liipiids. 

The factors which s(‘em to be of importanc(‘- in determining 
the nature of selective' adsoi'ption in binary mixtures are (i) 
Th(' individual avidities of the two components of the binary 
mixture towards the adsorbing surface, and (ii) Tln^ avidity of 
tJie two comixuionts for each other. BartclPs adhesion tension 
rule considers only the former aspect while the criterion laid 
down by Patrick and Jones takes into ac(’ount only the latter. 
We are of opinion that for a correct interpretation of adsorption 
data, both tlu' factors must be ('onsidered. In the carbon 
tetrachloride-alcohol-silica gel system, there is no marked 
avidity between carbon tetrachloride and ethyl alcohol, and 
the silica surface has a stronger avidity for the polar alcohol 
than for the non-polar carbon tetrachloride. This accounts for 
the U-typo curve obtained for this system. 

On the other hand, pyridine and water are known to have 
great avidity for each other. In fact, hydrates of pyridine are 
known. In such a case it may be expected that there should 
be a tendency for the preferential adsorption of a complex of a 
particular composition. The complex preferentially adsorbed 
has the composition of the liquid giving zero selectivity and 
this in the case of pyridine-water mixtures consists of 80% 
pyridine which practically corresponds to the monohydrate. 
Similarly the liquid giving zero selectivity for acetone-water 
mixtures has 75-5% acetone closely corresponding to the 
complex CH3.CO.OII3, H 2 O. This appears to be very significant 
and is suggestive of the formation of molecular compounds 



“Apparent” and “True” Adsorption Functions Bl 


between the liquid components at the adsorbing surface. 
Whetber the S-type curve is in all cases associated with the for¬ 
mation of molecular compounds at the adsorbing surface is being 
investigated in this laboratory. 

SUMMARY. 

1. The assumptions underlying the derivation of Ostwald- 
I^artell (expression for ‘‘apparent adsorption” are shown to be 
unsound. 

2. “Apparent adsorption” is shown to be a measure of 
Cxibbs’ adsorption excess and is thus more significant than “true 
adsori>tion”. 

3. The nature of the two typical “S” and “U” shaped 
adsorption curves obtained with pyridine-water and alcohol- 
carbon tetrachloride mixtures has been discussed. 

4. The specific surface of silica gel has been calculated by 
a n('w method involving data on selective adsorption. 

REFERENCES. 


1. 

Williams 

Medd, E. Vetenskapsakad Nobel- 
Inst. (2), No. 27, 1913. 

o 

Jones and Out ridgc^ .. 

e/. Chem, Soc., 1574, 1930. 

3. 

Ostwald and Izagnirre 

KolloidZ,, 30, 279,1922 ; 

Ibid,, 32, 57, 1923 ; Ibid,, 3 6, 
289,1925. 

i. 

Bartell and Sloan 

J, Am, Ghent, Soe., 51, 1013, 1929. 

5. 

Bachmann 

Z, Anorg, Chem., 79, 202 , 1913. 

0. 

Freundlicli . , 

“Colloid and Capillary Chemistrv.” 
p. 181, 1920. 

7. 

Bartell, ScheOler and 

J. A7)i, Cfmn, 53, 2501, 


Sloan. 

1931. 

8. 

Bao, B. S. .. 

J. Phys, Chem., 36, 010 , 1932. 

0 . 

Doss, K. S. G. 

J, Ghent, :h)27, 1931. 

10. 

Guggenheim and 

Prop, Roy, Sor, (A), 139, 228, 


Adam. 

1933. 

14. 

Rao, B. S., and 

Doss, K. S. G. 

J. Phys. Gher,}.. 35, 3480, 1931, 

12. 

Acrce and Faucet 

Ind, Enq, Ghem. Amh, 2, 80, 
1930. ■ 

13. 

Bartell and c(^-workers 

J, A^n, Ghem. Snc., 53, 2501. 1930. 

14. 

Bartell and Fu 

Goll. Symp, Annual, 7, 140, 1930. 

15. 

Freundlich . . 

“Colloid and Capillary ClKunistrv,’' 
p. 192, 1920. ’ ’ . 

10. 

Patrick and Joints 

J, Phys, ('hem., 29, 1, 1925, 



MIXED POLAR THEOREMS ON 
PLANE CUBICS. 

By B. S. Madhava Eao, M.Sc., P.B.A.S. 
{Department of Mathematics, Engineering College, Bangalore.) 


§ 1. INTRODUCTION. 

I have recently given^ a mixed polar theorem relating to 
the pencil of four tangents that can be drawn to a non-singular 
plane cubic from a point on the curve itself. In the course of the 
investigations leading on to this theorem, I have been able to 
derive a number of other subsidiary theorems dealing with 
mixed polars and poloconics which, although not directly 
connected with the mixed polar theorem, have an intrinsic 
interest. These theorems have been given in §2 of this paper. 
Further theorems which follow from a direct application of 
the mixed polar property with the aid of pure geometric and 
symbolic methods have next been given in §3. It is shown in 
this section that some of the theorems given by Eey. J. Pastor* 
are immediate geometrical consequences of the mixed polar 
theorem. 

§ 2. THEOREMS ON POLO-CONICS AND MIXED POLARS. 

Thkokem 1.— The mixed polar of any two points P, Q in 
the plane is the polar w.r.t. the poloconic of PQ of the point of 
intersection of the polar lines of P and Q. 

Let the cubic be a^^sbj,?—0 and the points P and Q be 
y and z and the lino PQ, m= 0. The imloconic of PQ is given 
by 

0 = {abuf Ojfix = 0 
which can also be written as 

0 = fh" =0 .( 1 ) 

Let the polar lines of P and Q meet at the point t. The polar 
of this point w.r.t. (1) is given by 

= 0 . 

We have also the relations 

O/rty' = 0 —- aflg .. .. ,. .. (2) 


1 Proc. Ind. Acad. Sci., Vol. 1, No. 6, (1934), p. 367. 

* A(ti. Acad. tun. Lincet. Rend, VI, S. 20 (1934), pp. 469-62, 
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Operating with ^ a ^ 

we get (a6w)“ = 0 

which is equivalent to 

(ayb. - aj?y)^ (a^ht + M/) == 0 

since y and z are points on ii=0. Expanding the left-hand side 
of this last equation and using (2) we derive 

ayaMybz {aj)t + bj^at) =" 0 

and rememhering that a and h are equivalent symbols this gives 
(aj^aya.) (b^hyb^) =■- 0 

i.e., the equation required is a^aya. = 0 which is the mixed 
polar of P and Q. 

Cor. — The mixed polar ofV, Q touches the poloconic of PQ 
if P coincides with Q at a point of the cubic. 

Let the mixed i)olar of P, Q meet u =0 at R ; the points P, Q, 
R then form a dc^gencrate apolar triangle of the cubic. Tlu' 
polar lines of P, Q, R form a triangle circumscribed to the 
poloconic and the three lines joining these points of contact are 
the mixed polars of the three pairs P, Q ; Q, R and R, P. Hence 
we have 

Theorem 2. —The triangle formed by the mixed polars by 
pairs of three collincar points forming a degenerate apolar triangle 
is inscribed in the poloconic of the line. 

The above theorems are very much simplified and can be 
made to yi(dd further interesting results when P and Q are on 
the cubic itself. The jioint R will then be the third intersection 
of the line PQ (r— 0) with the cubic and Theorem 2 transforms 
itself into 

Theorem 3. —The triangle fm*med by the mixed polars by 
pairs of the three points of intersection of a cubic by a line is 
inscribed in the poloconic of the line. 

As a simple corollary we can deduce the condition in order 
that the mixed polar of P, Q may be the tangent to the cubic 
at R. This is obviously true if P, Q and R coincide in which 
case the mixed polar becomes the inflexional tangent. An 
alternative case arises when the poloconic of the line PQR 
degenerates into a pair of st. lines, for, the point of inter¬ 
section of the polar lines of P and Q will be the double point 
of this degenerate poloconic and by Theorem 1, the mixed 
polar of P, Q coincicles with the line joining this double point 
to R, Lc., the tangent at R. Hence the 

Cor. — The mixed polar of P and Q is the tangent at R eithei' 
when P, Q, R coincide or when the line PQR has a degenerate 
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poloconie. In the latter case the mixed polar of any of the three 
pairs is the tangent at the residual point. 

We can now proceed further and investigate how the mixed 
polars of the three pairs of points are related to the points 
P', Q', li' which are the other intersections with of the 

polar conics of P, Q, R respectively. Referring to the adjoin* 
ing diagram^, let the tangents at P, Q, R to the cubic form the 



triangle ABO which is circumscribed to the poloconie of u—^0. 
If T), E, F are the points of contact of these tangents with the 
poloconie it follows by Theorem 3 that T)E, EF, FO pass through 
U, V, Q r(‘speciively and are the mixed polars of P, Q ; Q, R and 
R, P. The mixed polar of Q, P passes through R or in other 
words, the polar of Q w.r,t, the polar conic of P passes through 
R, which means that Q and R are conjugate points for the polar 
conic of P, i.c., (PP', QK) is a harmonic range. The points P', 
Q', R' therefore (ietermiiie the cubic covariant of the binary 
cubic form given by P, Q, R, the Hessian covariant being the 
intersections of n wit h the poloconie of 11 , Hence using (Uebsch’s 
principle of translation the points P', Q/, R' are given as the 
intersections of u with the curve 

Q,^{abu)^cau)Cj^^ bj^=0. 

But from a property of tliis curve^ th(*< points P, P' ; Q, Q' and 
R, R' are conjugate points relative to the poloconie of u. 
Therefore AD, BE, PF pass through P', Q' and iP respectively. 
(Consider further tlu*. polar of E w.r,t, the polar conic of Q. 
Since the polar of Rw,r,t, this conic, i.e., the mixed polar of Q, R 
is PE, it follows that the polar of E w.r,t, the same conic passes 
through R. EQ being the tangent at Q to the cubic is also 
the tangtmt at Q to the polar conic of Q. Hence the polar of 
E w,r,t, this conic passes through Q, i,e,, is the line QR or QQ' 
showing that EQ' is tangent at Q/ to the polar conic of (J. 
This gives us 

^ This diagram is the same as given in Salmon, II.P.C. (3rd Edition), p. 167. 

^ Clebsch, Lindemann and Henoist, t. 2 (1880), p. 279. 
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Theorem 4. —If a line u meets a cubic in P, Q, P the 
vertices of the triangle formed by the mixed polars by pairs of these 
three points are the poles of u w.r.t. the polar conics of P, Q, P. 

An application of the well-known theorem^ that the polar 
conic of a point x is harmonically inscribed to the poloconic 
of a line u when x lies on j?ives a furtlier interesting nvsult. 
As mentioned above, P, P' are conjugate points w.r.t. the 
poloconic of u and hence the point of intersection of the polars 
of P, P' w.r.t. the same conic forms with P, P' a self-conjugate 
triangle for the poloconic. l<>om the above theorem of (Uebsch 
this must be a triangle' inscribed in the polar conic of P and P, P' 
being points on this polar conic, the third vertex of this triangh' 
should also lie on it. Hence the 

Theorem 5.— The polars ofV^ P', Q, Q/ arid P, P' w.r.t. 
the poloconic of ii meet on the polar conics of P, CJ and P respec¬ 
tively. 

§ 3. THEOREMS ON SALMON PENCILS. 

I call the pencil of four tangents that can be drawn from 
a point P on a cubic to the curve itself as the “Salmon pencil 
of P’* and shall proceed to deduce some theorems relating to 
Salmon pencils by the use of the mixed polar theorem referred 
to in §1 which can be stated as follow's :— 

Mixed Polar Theorem. —The polar line of any point Pi 
in the plane w.r.t. the Salmon pencil of a point P on the cubic 
is the same as the mixed polar of the points P and (i in which the 
line I\P meets the cubic again. 

If the points P and Q coincide at Pi the point P will be the 
tangential of P and th('> mixed ])olar of P, Q becomes the line 
PP itself and hence passes through P^. Given the point Pj 
there are however six points like P, viz., the tangentials of the 
points of contact of tangents from P^ to the cubic, or the inter¬ 
sections of the cubic witli the satellite conic of Pj. Hence we have 

Theorem 6. —The polar lines of any point in the plane w.r.t. 
the Salmon pencils of the six points of intersection of the cubic 
with the satellite conic of the given point are concurrent at the given 
point itself. 

If the point Pi be on the cubic itself the polar line of Pi 
w.r.t. the Salmon pencil of any point P on the cubic is the same 
as the mixed polar of Pi and the point P which is the third point 
of intersection of Pi P with the cubic. As a particidar case 
let Pi be a point of inflexion on the cubic ; the mixed polar of 
Pi and P is the same as the polar of P w.r.t. the polar conic of 
Pi which now degenerates into the inflexion tangent at Pi and 


® Clebsch, Lindemann and Benoist. idit/., p. 287. 

•7 
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the harmonic polar. Hence the mixed polar passes through 
the intersection of these lines and this gives Ecy Pastor's first 
theorem. The polar lines of art inflexion point of C® w.r.t. 
the Salmon pencils of points on (P all pass through a fixed point 
which is the intersection of the inflexional tangent at and the 
harmonic polar of Pj. 

Tf Pi be any fixed point of the curve other than a point 
of inflexion we can consider the problem of finding the envelope 
of the polar lines of Pi w.r.t. the Salmon pencils of the points 
on C^. By the mixed polar i-heorern this reduces to the enve¬ 
lope of the mixed polars of Pi and the different points on the 
cubic. Tf Pi be denoted by y and any point on flie cubic by 
the envelope rnent ioned is the envelope of the line 


with the (iondition a — 0 

and hence is in general a curve of the third class. Hence we 
have 


Theorem 7. —The envelope of the polar lines of a given 
point on with respect to the Salmon pencils of the different 
points on the cubic is in general a curve of the third class. 

I hope to return in a further paper to an investigation 
of the properties of this class cubic. • 

Let us now consider two given points Pg and Pi in the 
plane and determine the points on C 3 such tliat the polar lines 
of Pi w.r.t. the Salmon pencils of tln‘se points are all concurrent 
at P 2 . Let Pi and Pg be denoted by y and z and any point 
On the cubic by Tlie Salmon pencil of ^ is represented by 
the quartic 

p/ =-. - 3a/a^b/b^ = 0 .. .. ( 3 ) 

and the polar line of y w.r. 1 , (^T) can be found 1 o be 


a.y'^h^h^ -}- ^ay\f)yb^^ - ^aj^Myhy'a^^ 0 . . ( 4 ) 

If this passes through ^ we have 

+ ^a^raflybr - Sa^yby^a h o .. (5) 

f f f ? 

which shows that the n^quired points are the intersections of 
the cubic with the conic 


ay%b/ + ^^Uy^a^byb^r -- SaMyby^aJ)j^~ =0 .. (6) 

Hence the number of points sought for is six and we can state 

Theorem 8.— Given two points Pi and Pg in the plane, 
there are six points on such that the polar lines of Pi w.r.t, 
Salmon pencils of these six points all concur at Po. 



Mixed polar 'Fheorems on Plane Curics 


67 


Eeservin^? for a futiiro ooeasion an inve,st;i^?ation of the 
nature of the conie given by (6), I proceed to con,sid(T some 
particular caseKS. Let P, lie on the cubic or ay^=--{). Tn this 
case (6) reduces to 

- dzdyOx^y^^X = 0 . . . . . . (7) 

which is of the form 

XGy - Py,Vy = 0 

Oy being the polar conic of y, Py the polar line of y and P^,. 
the mixed polar of y and Thus (7) passes through the 
intersections of Gy and P^, /.c., it touches the (uibic at y. This 
gives 

Theorem 0. —There ar^ four points on the cubic such that 
the polar lines of a point y on the curve w,r.t. the Salmon pencils 
of these four points concur at a point z. 

{Specialising still furtheu' let us choose sucJi that ay^a^= 0 
in addition to Uy^ - 0. This means that c; lies on the tangent 
at y. We might therefore take : to be t he tangential of y. In 
this case (7) still furthc^r reduces to 

(a^aya^) {h/hx) 0 

LC., Py.Py - 0 

Py meets the (Uibic in P^. P^ ami Py. being mixed polar of Pj 
and its tangential P 2 also passes through Pj. Hence the six 
I)oints of intersection of the (tonic (6) with redu(t(‘ to 
Pi, Pi, Pj, Pg and two other points Pi', P 2 ". The ])olar lines of 
Pi w.r.t. Salmon pcuieils of P/, Pi" pass through P^. Using the 
mixed polar theorem these polar lines are the mixed polars of 
Pj, Pi' and Pi, Pi". H(*nce.the 

Theorem JO .—Tf Pj he a point on the cubic and Pg its 
tangential and if the mixed polar of Pj, Pg 7neets the cubic in 
P, Pi', Pi", the mixed polars ofP^, Pj' and P^, Pj" meet at P 2 . 

Another special case of a different nature can be obtained 
by recalling the corollary to Theoivm Let. P, Q, R be three 
collinear points on a cubic such that t.h(‘ j)oloc()nic of PQR 
degenerates into a pair of st. lines through P.^. By a well-known 
theorem P^ is on tlu' Ifessian and PQR is a tangent to the 
Uayleyan. Th(' corollary referred to shows that the tangents 
at P, Q, R to th(‘ cubic pass through Po. If P', Q', R' b(' the 
points of contact of the other three tang(mts from Pg to the 
cubic, P', Q', R' also lie on a Urn* and the polar conic of Pg 
is the pair of st. lin(\s PQR, P'Q'R' nmet at Pi which is also 
on the Jlessian and is the conjugate pole of Hence by 
corollary to Theorem R, the polar lines of Pi w.r.t. the Salmon 
pencils of these six points P, Q, R, P', Q', R' all concur at P 2 . 
This gives Eey Pastor's second, theorem. To every pohit Pi 
of the Hessian there correspond six Salmon pencils such that the 
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polai' linen of Pj w,r.t. these pencils are concurrent at Pg the 
Steinerian conjugate of Pj. 

This is also immodiatoly evident, from equation (6). Por, 
if y and z be conjugate poles on the Hessian we have 

ay^a^ — 0 

since polar conic of z passes tlirough y and the equation 
a^aya.^0 identically satisfied, f.c., 

aya^a^ — Ol 
ayaM2 ~ 0 > 
ayfi^a^ = 0 j 
Hence equation (6) reduces to 
ft / ft ^=0 

which is the polar conic of P 2 (-) which immediately proves 
the above theorem. 



TIPU’S COMMERCIAL POLICY. 

By M. H. Gopal. 


“ Tippoo prohibited,” writes a later contemporary of his,^ 

‘‘ the importation of any foreign commodities so that the 
Canara merchants carried specie always out and thus the 
country so far as Arcot was drained of its gold.” This appears 
to be a misinterpretation of the Sultan's policy. For instead 
of prohibiting all foreign trad(s Tipu prohibited trade with 
hostile countries only. 

Hardly one year after the Second Mysore War, the Sultan 
objected in one of his letters to th(‘ exportation of rice to 
Pondicherry.2 This may lead to the supposition that inter¬ 
course was prohibited even with friends. But the true reason 
appears to be that as the route to Pondicherry lay through 
the Carnatic, any export of goods to the French settlement 
would naturally lead to commerce with the Company’s terri¬ 
tories. Bather than run this risk, Tipu sent specie from his 
kingdom to purchase the goods. This suggests, as Kirkpatrick 
observes, that the Sultan’s ideas were exactly the opposite 
of the bullionist notion of precious metals. Tn another letter 
written a year later^ Tipu refers to the prohibition of tln^ sale 
of rice to the merchants from the English and Portuguese 
ports. In February 1787^ the people of Calicut were forbidden 
to trade with the Company. This aspect of Tipu’s trade policy, 
viz,, the prohibition of intercourse with his enemies, is stated 
by the Marquis Wellesley thus®: “ ITitherto, all traflic between 
your subjects and dependents and those of the late Sultan 
was nearly prohibited, by the restraint to which his hatred 
of the British nation or his ignorance and prejudice had sub¬ 
jected the communication with your possessions.” But this 
policy was not new, for, according to an European traveller 


^ Journal of the Mysore Campaign from Hyderabad to Seringapatam (British 
Museum Additional MSS,^ Vol. 13663 f. 19). 

- Tipu to Raja Ram Chander, 9th April 1785 (William Kirkpatrick : Select 
Letters of Tipu Sultan^ No. XIX). 

3 Tipu to the Imam of Muscat, 16th Jan. 1786 (/bid.. No. CCVII). 

^ Tipu to Urshud Baig Khan Foryda of Calicut, 2nd Feb. 1787 (Ibid., 
No. CCCCXXXIl). 

® Governor-General to the Court of Directors, 3rd Aug. 1799, para 72. This 
policy is definitely enunciated in Art. 99 of Tipu’s Revenue Regulations (Vide 
British India Analysed, Part I). 
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of the middle of the 18th century,® it was the i)ractice of the 
Indian i)rine(‘s to settle tlicdr disputes with the Europeans by 
laying a general interdict on the trade and dealings of their 
subjects with them. 

The prohibition applied only to his enemy territories. An 
English contemporary of Tipu writes,"^ “At a subsequent period 
he would appear to have acquired juster notions of what was 
essential to the prosperity of his country, having, in the year 
1794, issued some commercial regulations, tending to en¬ 
courage a limited trade with his neighbours.” This does^ 
great injustice to the Sultan. Eor he s(‘ems to hav(i had better 
aquaintance with commerce than Kirkpatrick credits him 
with, and his encouragement of trade bc^gan pari passu his 
prohibition of it with (uunnies, although the commercial regu¬ 
lations were issued some y(ws later. 

This question can be studied from two points of view—the 
attitude* towards foreign merchants and the trade activities 
of the Government. Almost since the peace of 1784 Tipu 
spared no pains to increase foreign trade. In a letter dated 
28th June 1785 to Shaikh Ahmed, a merchant,* he promises 
to give him all kinds of aid. “On your arrival here you shall 
in all things experiemee our care and protection agreeably to 
your wishes, and be appointed in charge of the mercantile 
concerns, (*tc. A prop(*r place shall be assigned to you for a 
factory, and such advances of money be made to you as may 
be requisite Cor enabling you to carry on your trade (advan¬ 
tageously), all the profits of which shall rest with you for the 
term of two years, during which tune also we promise to grant 
you exemption from all duties on your merchandise.” Ko 
Oovernmenl could offer better facilities and greater concessions 
than Tipu does in this letter. As Kirkpatrick himself re¬ 
cognises,® this indicates how much the Sultan had it at heart 
to open up trade with those countries of which he had no 
jealousy. The same policy continued throughout his reign. 
In November 1785 the Sultan wrote* to some Armenian (Khoja?) 
merchants^® welcoming them to trade with Mysore and pro¬ 
mising to give them every facility, provided they first sold 
some articles to him at a reasonable price. In January 1786 
Tipu issued a general order “ to the actual and future Aumils 


^ Grose, East Indies^ Vol. I, p. 248. 

^ Kirkpatrick, op, cit,i p. 33. 

« Ibid.,^o. LXXVI. 

” Ibid,^ page 104. 

10 Tipu to Khajeh Seth and other merchants, 26th Nov. 1786 (Kirkpatrick, 
op, dt.y No. CLXIII). 
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of our ports,that he had remitted two-fifths of tlie duties 
payable by a certain merchant. Likewise otlier hdt-cTS men¬ 
tion similar remissions as rej>‘ards others.In anotlier letter^'^ 
ripu says, “ Do you, therefore (becaust^ dut.i(‘s an' remitted) 
continue constantly to send your ships and do?c.s* laden with 
merchandise to our parts.” In his instructions of March 179f> 
to his ambassadors to Zeman Shah, the sovereign orders them 
to assure the merchants of (hitch, “ that the dealers in wares 
and horses who may bring them for sah' to the ])orts of tin* 
Khodadad Sircar will be exempted from duty, and that the 
duties on other articles also which they may bring for sale 
will be taken off.”^^ 

The Sultan’s efforts to promotfi trade were not- restricted 
to countries near by. Ilis letter to the Haja of Pegu dated 
22 nd January 178(i^^ mentions the des])atcli of two persons to 
open “a commercial intercourse belwcMm th(^ two states 
[Mysore and Pegu] whereby an exchange of t,lie commodities 
of each may be establislunl to the mutual conveniimce and 
advantage of both,” and invites tlie Paja to mention what 
articles he needs from Mysore. That this depiitation was 
actually sent is very probabh* since in a letter of 31st March 
1786^® the Sultan asks two of his ofhcc^.rs to getready for sailing. 
Even to far oil’ China^’ the friendly hand was extended, and 
as the Chinese merchants appear to have been afraid of piracy 
in the Indian Ocean, Ti[)u desired to send men-of-war for their 
protection.^® As mentioned alr(*ady Tipii (encouraged trade 
with Muscat, a port near tlu* eiilrantue to th(‘ P(ersian Oulf, 
which is even to-day a vcuy important commercial centre. 
He even established his own trading de])ots thcTo.’^^^^ 


Tipu to the Amils of ports in j^eneral, IGtli Jan. 1786 {/ftuL, No. (!CIV). 
Also see Tipu to Mao Seth, Dalai of Muscat, 16th Jan. 1786 (/bid.. No. CCVI). 

Tipu’s orders to the Amils of the port of Kurial or Mangalore and 
Tipu to the Imam of Muscat, 16th January 1786 (Kirkpatrick, op. cit.. Nos. CCV 
and CCVI I). 

Ibid. 

Instructions to Mir Habibulla and Mir Mohamed Reza. [Wood : Reincio 
of the origin etc. of'the Decisive War with Tipu Sultan, Appendix (A), No. 21.] 

Kirkpatrick, op. cit.. No. CCXI. 

See Kirkpatrick’s observations on the foregoing letter. 

Kirkpatrick, op. cit.., Appendix p. xxxvil Regulations 6-9. 

Ibid. 

I8d5 yidg Tipu’s^instructions to Mir Mohamed Haquir and others about leading 
a “commercial expedition” [Wood; op. cit.. No. 11]. Also see the narrative of 
the proceedings of the Mysore ambassadors to Mauritius [Ibid., No. 18] about 
depots in foreign territories; also see letter from the representatives *o{ 
Mauritius to Tipu Sultan [Ibid, Appendix{13), No. 7], and d ipu to Gidam Ali Khan 
[Kirkpatrick, op. cit., No. CCCCXIIIJ. 
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The advantages olfered to foreign merchants are put in 
a nutshell by the 8ultan himself in a letter to some Armenian 
(Khoja?) merchants.^® “The duties upon (such) goods (as 
you may import into our dominions) are without exception 
(hereby) remitted. Bring, therefore, with entire confidence 
to our ports, and into our kingdom either by sea or land (as 
you may think proper) your silk stuffs and (other) merchandise 
and there (freely) buy and sell. Wheresoever you may (choose 
to) bring your goods, there a ])lacc shall be assigned for your 
residence ; and if you should at any time be in want of work¬ 
men or labourers, the same shall be furnished you on hire 
by our Taalukdars.” The first concession, thifs, was the 
remission of the whole or a part of the duty to be paid at 
the port. What this duty was is not certain. This was per¬ 
haps not the specific anchorage duty, at the established rate 
of 40 rupees per dingy (or vessel) in the port of Calicut,-'^ since 
this was on vessels and not goods and was in the nature of 
harbour toll and the exesinption from wliieJi was an additional 
concession sometimes given. Probably the impost exempted 
from was the ad valorem tax of 10 per cent, levied on the goods 
of all merchants. Kirkpatrick observes^^ that it is not known 
whether this duty was on imports alone or on exports also. But 
that it was on both imports and exports is suggested by the 
Sultan’s reference22 to “the duties levied in our ports from time 
immemorial on all goods tube bought and sold”. Whether there 
were other duties also is not known. The next aid accorded 
to trade was the supply of accommodation to merchants,and 
of sites for the erection of trading centres or kothies.^^ Loans 
were given to enable the traders to carry on their business,^® 
and when they niMided, the state procur(‘d for them on hire 
artisans and workmen,And profits were exempted from 
taxation for limited periods.-’ 


Kowliiama to Yakub and other merchants, 11th Jan. 1787 (Kirkpatrick, 
op, cit.yNo. CCCCXXV). 

Tipu to the Amils of Calicut and Tipu to Mao Seth, Dalai of Muscat, 
both dated 16th jan. 1786 {llfid., No. CCVI). 

mi,, p. 240. 

-- Tipu to the Amils of ports in general, 16th Jan. 1786 (Kirkpatrick, op, at., 
CCIV.) Duties on imports are mentioned in Tipu’s letter No. CCCCXXV 
quoted above. 

K<nvlnama to Yakub and other merchants, 11th Jan. 1787, quoted above. 

^ * Kmolnama to Shaikh Ahmed, 27th June 1786 (Kirkpatrick, op, cit., LXXVI). 

25 Ibid, 

Tipu’s letter No. CCCCXV, loc, cit, 

2 7 Kowlnama to Shaikh Ahmed, loc, cit. 
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It is, however, doubtful if all these eoncessioiis were ^^iveii 
to all traders. Th(^se were perhaps tlu^ nia.xiiu]im terms. 
Some merchants were exempted from a certain |)(U’(‘entag(j of 
the duties. For instance Mao Saith, Dala! of Muscat, paid 
only 6%, as the customs duty, 2 ® while tlie Imam of Muscat 
paid only 5%.^® But both were excunpted for tin* anchorage 
duty. Advanc.es of money vv(ire not probably givtai to some. 
These concessions appear to have been differingly granted to 
different merchants. The motives deteimiiiing tliese terms 
are not known. Tt may be conjectured that the long(u^ the 
distance from which the trader carn(‘, the greater was the 
concession.®^ Secondly, the political importance of the country 
or the person may have had a great inlliieiice.^^ Again the 
trade concessions off(*r(Ml to the Mysor(‘ans, as in (lie c.ase of 
Muscat, may have determined the ti^rms to some extent.^^ 
Lastly, it is not impossible that the religion of the trader in¬ 
fluenced the offer. 

These advantages were in a sense limited. They did not; 
apply to all commodities. For the Khodadad Sircar itself 
monopolised the trad(‘ in some articles which constituted tlie 
chief (‘.ommercial resource's of Mysore,®^ e.fj., sandalwood, 
betel-nut, pepper and cardamoms. Further soiik'. merchants, 
for instanc(*, the Armenians (Khojas 0^ were for(*ed to sell 
first some articles to Tipu at a reasonable price, as the condi¬ 
tion of tlie con cessions.How this ‘‘ reasonable ” x)rice was 
determined is not known. But this insistence, however reason¬ 
able the price, was really a clog on the advantages. Kirk¬ 
patrick remarks^^ “the Suit an however ex])orted rice to Muscat 
in his own vessels and imported the commodities of that 
country into Mysore, but In' also obliged the Muscat merchants 
to purchase all the Government rice on hand at a price prob¬ 
ably fixed by himself before he allowed them to buy else¬ 
where/’ This restraint is perhaps exaggerated. First there 


Tipu to the Amils of poits in general, 16th Jan. 1786; also Tipu to Mao 
Seth, Dalai of Muscat, 16th Jan. 1788, loc. cil. 

20 Ibid. 

00 Tipu to Mao Seth, loc. cit. The Sultan allowed 4% remission to Mao 
Seth and 5% to the Imam of Muscat. 

01 Ibid. 

02 Ibid. 

00 Macleod’s Memorandum on the Commerce of Mysore, 12th July 1799 
{AshUic Annual Register 306). Also Kirkpatrick’s observations on 
Tipu’s letter No. CCVI. 

0*1 Tipu to Khaje Seth and others, 26th Nov. 1786 (Kirkpatrick, op. cit.y 
No. CLXIII). Regarding the government rates of purchase cf. Aiticle 59 of 
Tipu’s Revenue Regulations {op. cit.). 

00 Kirkpatrick, op. cit.^ p. 240. 
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docs not appear to have been any monopoly of rice by the 
Government.^ As regards the Government competition in 
trade, it was a legitimates one and, moreover, it appears to 
have traded like any other private^ merchant, for example 
paying the usual duties.®’ 

A word might be said about inland duties. Transit duties, 
which were until quite modern times a common and often 
greatly revenue yielding item of taxation, were to be found 
in Mysore also. Macsleod writes in duly 1799**® “ It would greatly 
encourage trade if the road duties on all articles were abolished 
throughout the Mysore territories,” and adds, “Tt would more¬ 
over be of importance to tin* (kjinpany’s possessions and manu¬ 
factures if all duti(^s on raw cotton and thread were disconti¬ 
nued throughout th(^ Rajah's (‘ountry, as it. is in the Company’s 
dominions.” There were perhaps numerous transit duties 
and tolls in addition to local taxes.®® For example Buchanan 
mentions^ a tax on the exportation of cloth from the town of 
Valuru : “ each bullock load of cloth (cotton) pays a duty of 
one Sultany fanam or a little more tlian eight pence.” He 
further observes that raw cotton brought from Hoskote paid 
a small duty on every bullock load that enters Valuru, while 
at Hoskote it paid heavier duties. A curious fact about these 
duties is noticed by Buchanan^^ ‘‘Far from considering the 
customs exacted at different places.on the road as a burden, 
the traders consider them as advantageous ; for the custom¬ 
house is bound to pay for all goods that may be stolen or 
seized by robbers, within their respective districts. This 
seems to l3e an excellent regulation which seems to be in general 
use throughout, the ptminsula.” The duties were thus in the 
nature of an insurance premium for the goods. 

We shall now consider the commercial and industrial 
activities of the state. The Khodadad Sircar was a great 
trader and one* of the articles of importance was sandalwood. 
Buchanan states^® in 1800 that no person was allowed to cut 
sandalwood without the permission of the ximildar or the 


Tipu’j* commercial regulations—Marine forces, No. 7 {Ibid,, Appendix page 

xxxvii). 

Ibid,, No. 5. 

Macleod’s Memorandum, op, at. 

These will be discussed in another paper. 

Francis Buchanan, Journey from Madras through the Countries of Mysore, 

etc., Vol. I, p. 40. 

Ibid,, Vol. Ill, p. 332. 

Vol. I, p. 51. Elsewhere (Vol. II. p. 138) the traveller observes 
that the regulations forbidding the cutting of sandalwood by private persons w’ere 
not enforced with rigour in Tipu’s reign. 
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officer who sold it on Grovemment a(‘count. Sandalwood like 
black popper and cardamoms was iJie monopoly of t he state',^ 
Mysore producing* sandalwood and Uw w(‘st coast- ])('pper and 
cardamoms. Since Haider’s days tlu' sah' of these goods was 
a business of the Government. Tipii writos'^^ The iirst sort 
of sandalwood you must sell at the rate of 120 pagodas the 
candy ; the second sort at 100 pagodas ; the third sort at 
90 pagodas, the fourth sort at «S0 })agodas lln^ candy. You 
must not sell t-hern at any otlu'r (i.c., at less) ])rices than these.” 
In other letters^® tlu' Sultan orders tlio articles to be held back 
till the prices rise. In Haider’s days these commodities AV('re 
sold principally to the (.’ompany, but. under Tipu tliey appear 
to have secured wi(h'r markets. Writing oiu' y(‘ar after Tipu’s 
fall, Buchanan observes^® I found there [in H(\ggada(levana- 
kote] a Portuguese agent of the Commercial Resident at 
Mangalore who had been employed to collect a purchase of 
this article that had beem made by th('. Gov('mment of Bombay 
from theDewan of Mysore',” and adds^’ “There diips and frag¬ 
ments, with the smallest assortment of bill('ts, answer best 
for the Arabian market; and from tlu'm the essential oil is 
distilled. The largest billets are sent t o China, and the middle- 
sized billets are used in India.” It will b(^ seen how these 
markets were studi('d by Tipu when he launched his scheme 
to establish “ factories ” or commercial depots from Arabia 
to China.'*^'^ 

Two more branches of state enterprise were silk and pearl 
fishery. Kirkpatrick writes^® “ Tlu' Sultan's anxiety to estab¬ 
lish a pearl fishery on tlie coast of Malabar, as wc'll as t,o intro¬ 
duce the culture of the silkworm into his dominions appears 
to have becui considerable ; but F beli(*v(' he failed entirely 
in both.” “It may be inferred,” adds Kirkpat rick,^® “from the 
silence of the subsequent correspondence on the subject, either 


Tipu to Mir Kasim, 25th Nov. 1785 (Kirkpatrick, No. CLX)* 

Also Articles 22-24 of Tipu's Revenue Regulations {op. cit.) 

Same to same, 9th Dec. 1785 {Ibid,^ No. CLXXII). 

Same to same, 26th Nov. 1785 and 12th Jan. 1786 (/5/J., Nos. CLX 
and CC). 

Buchanan, op. cit.t Vol. II, p. 132. 

^7 [bid., p. 134. 

47rt yicU the description of the Mysore commercial expedition to sell pepper, 
in Tipu’s Instructions to Mir Mohamed Baquirand others [Wood : op. cit.y No. il]. 
Also Tipu to Mohamed Esa, 24th November 1786 [Kirkpatrick op. cit.. No. 
CCCCIII]. 

Kirkpatrick, op. cit,, p. 187. Also see Tipu to Mir Kasim, 17th Nov. 1786, 
26th Nov. 1786 and 12th Jan. 1786 (Kirkpatrick, op. ctt.. Nos. CLX, CITX 
and CC). 

Op. cit.i p. 234. 
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that the requisite divers were not procurable, or that the 
attempt, if actually made, did not succeed.” It is strange that 
Kirkpatrick should remark that the subsequent correspondence 
is silent on the point sinc(^ in A]iril 1.786 Tipu refers again to 
pearl divers and in September 17S6 to silkworms and actually 
sent two of his oHlcials to Bengal to procure them.^®" And 
according to Kirkpatrick himselfhe either actually established 
or proposed to establish twenty-one principal stations 
within his dominions for breeding silkworms. It is not known 
how far these attempts were successful. At the present 
day in Chaimapatna, an important silk centre in Mysore, the 
Mussulmans have successfully tak(n up this industry, and how 
far this is due to Tipu’s (efforts cannot be determined. 

The Khodadad Sirkar also competed with private people 
both in retail and wholesale trade, foreign as well as indigenous. 
To increase foreign trade, commercial treaties were concluded 
with foreign powers and kothies or trading centres wx^re estab¬ 
lished in foreign lands. One of Tipu’s letters to Mir Kasim®® 
refers to a depot in Muscat at the entrance to the Persian 
Gulf ; and this depot was plac(‘d under the charge of the amil 
of Mangalore. From the instructions to th(» Mysore ambassa¬ 
dors to Zemau 8hah of Persia, w^e learn that there was a depot 
already existing at the port of Mundra in the peninsula of 
Cutch. The Sultan sued for a commercial alliance between 
Mysore and Cutch and desired to establish a new factory at 
Mindy in the same kingdom. The embassy was also to go to 
Karachi and request for permission to erect a depot there 
paying the established duties of that kingdom. The Sultan’s 
ambassadors to Constantinople in 1785®i were to request the 
port of Basara or at least the permission to erect a factory. 
As early as 1785 there was a depot in Jeddah.®^ After the 
war of 1792 Tipu attempted to establish kothies in the terri¬ 
tories of the Company, the Mahrattas, the Mzam and others 
and issued a wise and comprehensive code of regulations.®*'* As 
it is uncertain how far these were actually put into practice, the 
code may be studied separately. Here however it may be 


4 Tipu to Mir Kasim, 24th April 1786 [Kirkpatrick, op, cit.. No. CCLVJII 
also same to same {Ibid., No. CCLXXII)]; Tipu to Syed Mohamed, 27th Sept. 
1786 {/bid., No.CCCLXXV). 

Op. cit.. p. 419. 

Dated 12th Jan. 1786 (Kirkpatrick, op, cit.. No. CC). Also same to same, 
24th April 1186 {Ibid., No. CCI.VIII). 

Tipu to Ghulam Ali Khan and others, 1st March 1786 (Ibid., No. 
CCXXXIV). 

Tipu to Mir Kasim, 26th Nov. 1785 (Ibid., No. CLX). 

These were different from the Revenue Regulations which will be discussed 
in a separate paper. 
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noted that the distribution of the trade eoiitres, as evident 
from the adjoining map, proves that the Sultan shoAved a 
great deal of commercial Avisdom. In liis oAvn kingdom he 



Drawn by —D. N. M. R. 


opened three import ant ports—Mangalore, KarAvar and Bhatkal. 
The first tAvo are even noAv important eommiireial centres, 
specially for coastal trade. The value of Bhatkal can be 
judged from the fact that the present-day Mysore States con¬ 
templated the acquisition of the port for oj)eiiing up its foreign 
trade. To facilitate its trade activities the Kliodadad State 
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kept its own ships. In 1786^® tlu^ Sultan refers to buying and 
lading rocksalt on his own sliips. In the same letter h(i refers 
to the shipwrights at Muscat as (‘xcellent at building dows 
and dingics, and in another letter®^ asks for the despatch of 
10 shipwrights, and 100 calashies at 7 rupees a month. 

As regards internal and retail trade, Tipu as early as 
1785 established trading centres all over the country. In 
reply to a letter from Raja Ramchander,^** one of his officers, 
the Sultan quotes the Raja’s own words, “ that in conformity 
with our orders, you have established shops on our behalf in 
every Taluk (under your authority) and engaged in/)ur service, 
a surrof and accountant for conducting the affairs of each.” 
The Sultan had his own warehouses in Seringapatam where tlie 
goods were sold by the Amildars.^® Such (vstablishments were 
perhaps common all over the country.®’^ Thus the retail trade 
also was engrossed. And the commercial regulations issued 
in the years 1703 and 1701 aimed perhaps, at least so far as 
the internal trade was concerned, at a better organisation and 
unified syst(un of control. It may even b(^ that some mor(» 
district centres of distribution were established. 

We may pause to consider how this system worked and 
what its results were. The main [uirpose of these warehouses 
appears to have been to make tlnun distributing centres so as 
to help the local traders to vend goods in villages and interior 
parts. For IJaja Ramchander says^ that the richer traders 
alarmed at the (\stablishment of the government warehouses 
migrated to other placets, while Tipu adds^® “They the 
traders) will finally come and make their purchases at our 
Tvareliouses.” But retail sale to the ultimate^ c.onsumcr was also 
undertaken in c(uitrcs wln^re the warcdiouses were established 
and espt'cially in the capital and other important places.®® 

These obje(*ts do not seem to have been realised. At any 
rate at tin* inauguration of the scheme about 1785, this enter- 
pris<' sp(dt failure both to th(‘ state and to th(‘ subjects. One 


Same to same, 24th April 1786, /,v. nl. k'lcfe the commercial embassy 
refeiretl to by Tipu (Wood : op. r/V., No. 11). 

Same t(j same, 6th May 1780, /or. nl. ANo see smi'* to same, 12th 
January 1786 [Kirkpatrick, op. at.. No. CC). 

Dated 2nd Aug. 1786 (Kirkpatrick, cit., XCVIII). 
nuchanan, op. n/., Vol 1, p, 69, 

"" l.etter No. XCVIII quoted above, 

/diii. 

•*» /hu/. 

r»uchanan, op. n’l.^ Vol, 1, p. 69, 
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of Tipu’s officers writes,®^ In some districts the object of pro¬ 
fit is completely frustrated ; while in others, the gains are 
so very small as to be inadequate to the monthly pay of the 
surrofs and accountants, owing (as you say) to the more con¬ 
siderable towns, where, heretofore, gold and silver bullion and 
specie to the amount of thousands of pagodas, used to be 
brought for the purposes of traffic, being now forsaken by the 
traders, who taking alarm at the establishment of our shops 
(or warehouses) resort, in consequence, to other places : none 
but the poorer classes, in short, ever dealing with them, then 
only to the amount, perhaps of six or seven fanams.'' Thus 
the traders, for whose convenience primarily and as whose 
competitor secondarily the shops were opened, boycotted them. 
Only those who were too poor to emigrate were forced to buy 
from these shops. As to why it should have been so if the 
consumer bought from them is uncertain. Tipu observes®^ 
“ Admitting that the profits, for instance, are only seven 
pagodas and the expense on account of the wages of the mrroj 
and accountants, amount to ten, how long can this last or the 
dealers continue to carry their money and bullion to other 
places % Tliey will finally come and make their purchases at 
our warehouses.” 

The failure of these shops so far as the consumers were 
concerned may be attributed to anotlier cause. It appears®® 
that at Seringapatam the goods were sold much above their 
real value, which was done by forcing a share of them upon 
every man in proportion to his supposed wealth. This was 
one of the sources of oppression, peculation and defalcation 
of revenue. ” The friends of the Amildars were excused from 
taking a large share of (he goods, whih^ th(‘ remainder w(»re 
forced upon poor wretches, whose whole ineaiis, when torn 
from them, were inadequate to the (\stimated value of the 
goods ; and the outstanding balances are always large.As 
the prices at the warehouses w(Te thus higher than those 
prevailing in the market, the traders naturally boycotted 
them, because the stat<' may have forced tlnun not to import 
goods directly but to buy them from its own depots. The 
policy of th(* Government in thus forcing upon poor ])eo])le its 
unsold goods, naturally resulted in the ruin of its subjects, 
and their poverty led to financial loss to th(‘ state itself. 


Tipu to Raja Ram Cliaiuler, ioc. cu. 
‘‘‘S Jhid. 

Huchanan, op. at., Vol. 1, p. 69 
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We may now consider briefly the commercial regulations 
referred to before. I^liesc* reguliit.ions®'' to increase tin' commer¬ 
cial prosperity of tli(‘ Kbcidadad State, were issued by the 
Sultan at two diibreait periods—on ‘jntli March 1793 and on 
2nd April 1794. Tlie principal object of these regulations 
appears to have been the encouragement of the seaborne trade, 
although inland coininer(*e was not- neglected. The com¬ 
mercial department, was called the Mulikut Tujar, under a 
Board of Trade consist-ing of 9 officers.®^ The object of this 
department was to attraed-, by com^essions and encouragements, 
foreign merchants to Mysore, to control the su])p1y of com-^ 
mercial imports and ex])orts, like silks, sandalwood, etc., and 
to supervise and b(^ in charge of the state factories at home 
and abroad. livery proce^eding was to r(*(M‘ive the sanction of 
the Sultan and tlius the sovereign was at. the bottom of every 
transaction. I'o (uisiire agreeunent in the board the officers 
were to be as far as ])Ossibh‘ syeds. 

The detailed dir(‘ctions for tlu^ department of trade may 
be reviewed under t-lie following heads®®:— 

(1) The marine force, 

(2) Tln^ factories or kothies at- Muscat and Cutch, 

(3) Comnu'rcial (‘a])ital, 

(4) Depots in Mysore. 

(5) Commercial deposits or banking, 

(f)) Miscellaneous regulations. 

The marine regulations will be discussed in greater detail 
wliile dealing with tin's navy ; but it may be noted here tliat 
at tirst about 1793 tin' marim^ forces were under the Board 
o! Trad(‘, tliough later on an independent admiralty de])art- 
ment was cr(»at(‘d under tlie name of Mir Yum, HoAvever 
a hundred ships were, according to thes(‘ regulations, re¬ 
quired to be built- as quickly as possible from the labour and 
material availa-bh* n(‘ar the dockyards. These ships appear 
to have been men of war. The merchants of damalabad 
(i.c., Mangalore), Majidabad and Wajidabad were to build 31 
commercial vessels, in return for which they could lade tiiem 
with articles lik(‘ ric(‘ and cocoanuts, not reserv(‘d for the 
exclusive trade of the state. No other vessel was to be used. 
Trade with China was to be fostered by sending Mysore goods 
to that country and by giving armed protection to Chinese 


'I'he'^e regulations are printed in Kirkpatrick, of>. cit.. Appendix K. The 
Roman letters in the following footnotes refer to the page in the Appendix while 
the Arabic ones refer to the number of the regulations. 

Kirkpatrick, op. at.. Appendix p. xxxiv. 

Ibid., p. XXXvi. 
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ships.®’ As regards the factories at Muscat and Cutch, there 
were two at each place. One in each port was under the Board 
of Trade, the others under the Asofs of Jamalabad and 
Wajidabad. The articles traded in were pepper, sandal¬ 
wood, cardamoms, etc., and were probably sources of great 
profit. 

Regarding the capital for trade, the regulations run thus : 

The sum of four lakhs of rahities Kantiroy pagodas) 
has been committed to you in trust for commercial purposes. 
With this money you are to make the necessary purchases of 
gold and silver bullion, cloths, elephants, etc., and to hold the 
same in readiness (for exportation). With the blessing (or 
aid) of God the most high, countless profit shall be thereby 
acquired.” All goods purchased even by the sovereign or 
the State from the Government depots were paid for. The 
goods were sold by the Asofs or Government Officers. Pledges 
of bullion and other valuables were received for the payment 
of the purchase money at IJ- of the money due. The Govern¬ 
ment goods imported and exported were not. exempt from the 
duties. “ You are to pay,” writes the Sultan,®® “the established 
duties and imposts on all articles in the same manner as is 
done by the ryots in general.” 

For the sale of articles, depots were established all over 
the kingdom in thirty centres,®® while a kind of minor depots 
was established in other places and left under the care of agents 
who weni to be changed annually. The accounts and appoint¬ 
ments were to be sanctioned directly by the Sultan himself. 
The other regulations relating to these depots deal with their 
inspection and control. The location of these centres in differ¬ 
ent parts of the Mysore territories is noteworthy. They were 
distributed all over the State, though they were few in the 
centre and the south-west. The guiding principle was mainly 
commercial, and perhaps jmrtly political as well. The south¬ 
western side from Coimbatore almost up to Mangalore, with 
the exception of Khusalnagar, is bereft of any centres because 
that, part of the country is mountainous. In the coast there 
were five centres very close to one another iierhaps because 
trade in this ])art was brisk. 


p. xxxvii, 0-9. 

Ihid.y p xl, 6. 

Ihid.y p. xli, 2. The following w’ere the thirty centres 
Seringapatna. Sulamabad (Satyamangala), Vazimangala (Arivacochy), Banga¬ 
lore, Bagalur, Kolar, Mulhagal, Madanapalli, Zufarabad (Gurmuconda), Punganur, 
Rachonty, Fyze Hisar (Gooty), Dharmawar, Farmkhat-Hisar (Chitradurga), 
Nagara (Hidnur), Shikarpur, Surdah, Mangalore, Khusalpur or Khusalnagar,* 
Barkur, Carwar, Jamalabad, Bhatkal, Futahabad, Karwar, Gussup or Kurmp (?), 
Hanavasi, Gurdoon 8haUh (Nanclidoorg), Bay-Nazyer (Uarihar). 

3- ’ r 
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Tipu even thought of establishing depots in foreign terri¬ 
tories for purposes of commerce.’® These centres were to buy 
rare goods and send them to Mysore for sale, and also sell 
rarities of Mysore in the foreign market. Including the two 
existing depots at Outch and Muscat were to be L7 in number. 
The situation of these depots also was determined by 
commercial wisdom. The Sultan's purpose in establishing 
the trade depots can best be expressed in his own words 
“ Sending in charge of your deputies or agents to other coun¬ 
tries, the produce of our dominions, and disposing of the same 
there ; the produce of those countries must be brought hithel' 
in return, and sold at such x>riees as will afford* (good) profit.” 
Tipu desired not only the State to enjoy the benefits of trade 
but wanted his subjects to share them. He therefore invited 
his subjects to invest- their money in the State enterprises. 
The heads of the depots were autlioristnl to receive dex)osits 
or investments of any sum above five riiiu'es up to five hundred 
rupees, the return on the investment or profit ” was 50% 
of the sum invested, 25*);, from 500 to 5,000 and 12% above 
5,000.’^ The deposit (‘.ould be withdrawn at any time and a 
profit in proportion to the period of dej)osit was also paid. 
The heirs of a deceased depositor had tlx^ same rights as tlie 
deceased. 

The so-called j)rofit was in fact interest, but as Tipu was 
a strict Mussalman, who could not‘take or give interest as such, 
he termed it profit. Tho curious procedure of lowering the 
interest for larger sums might be regarded as indicating that 
the Sultan tried his best to encourage, according to his own 
ideas, the small capitalist to invest his money. But this 
probably had a retarding (iffcct on investments. For unless 
a person hatl surplus money Avhich he could invest nowhere- 
else at a greater advantage, it was not to his benefit to invest 
more than 500 or 5,000 rupees. Thus tlie real incentive to 
invcst-meiit of larger sums was wanting. In other words 
“ the extraordinary difference in the rates of interest assigned, 
respectively, by this regulation, to the small and great, is at 


p. xliii, 3. The following were the centres: — 

Karnoul, Madras, Pondichery, Poona, Cudappa, Nagore (in Tanjore), Wyrag 
(depending on Poona), Pagarkote (belonging to Kao Rasta), Utuce (belonging to 
Rao Rasta), Maligong (depending on Hyderabad), Ilunmabad (depending on 
Hyderabad), Nandiar (?Nundyal) (depending on Hyderabad), Rachore (Adoni; 
Raichoor), Muscat, Karachi of Sind, Mahe-to France. 

p. xliv, 7. 

“ That who.soever shall deposit, with you any sum from five to five 
hundred Imaumies rupees) for the purpose of being employed in traffic (on 
his account), such person shall be entitled to receive (from you) at the end of a 
yea.-, together with the principal amount of the said deposit, a profit or increase, 
of half an Imaumy on every Imaumy deposited or advanced ” etc, 
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utter variance with the prineiplea whicli usually g^overn public 
loans *’ in modern countries. Tipu perliaps adopted this 
plan in pursuance of the object to lu^lp the feeble, tlie hel])less 
and the destitute which forms the )>reamble to thes(' regula¬ 
tions. Major Wilks’^ however thinks that these regulations 
were “ a project for enticing his subjects into a swindling 
loan,” a project which “ was too glaring to b(^ misunderstood, 
although covered with the thin cloak of religion.” However 
the regulations indicate that the Sultan was a bad business¬ 
man. The interest allowa^d to the first, t wo classes is so high 
that it is doubtful if, in the ordinary course of trade, lie could 
have realised profits enough to pay the interest w ithout selling 
goods at abnormal prices. 

The miscellaneous regulations relate t.o the encouragement 
to be given to the cultivation of sandalwood and black pepiier, 
the {8tate purchasing the products frou) tlu‘ ryot.*^* With the 
exception of some artich\s resc^vtal for trad(^ f)y the State, the 
employees of the commercial d(^partment (*ould deal wdth 
other articles on private account and were generally exempted 
from paying taxes.’® 

These regulations were promulgated about 5 to h years 
before the death of the Sultan. It is therefore probable that 
at least some of them were not acted upon in the interval before 
1799. 

Another enterprise which was quasi-commercial was the iron- 
foundry and arms manufactory at Kankanhalli.’® This industry 
appears to have been conducted on Government account and 
for its exclusive benefit. But all articles bought by the State 
or the Sultan were actually paid for, although they were pro¬ 
duced in the State factory. :* A similar practice, however, 
seems to hav(' ])revailcd in otluu* <lepartments of the Govern¬ 
ment ; and the object of it might. j)o8sibly have been to pre¬ 
serve the accounts of the proceeds on profits of the monopolies 
in question as distinctly as possible.”” 

It is not possibles to estimate how far the industrial and 
commercial activities of the State were a drag or a help to the 
finances of the State, and what the financial consequences of 
the policy were. 


History of Mysore, Vol. II, p. 269. 

Kirkpatrick, op. cil., p. xlvi, 1. 

7^5 Jbid., 2 and 3. 

Tipu to Zynal Abideen, 6lh Nov. 1786 {Ibid., No. (^.CCX(JIV) 
Also Tipu to Kaja Ram Chander, 13th June 1786 {^Ibid., No. CCXCIV] ; and 
Article 78 of Tipu’s Revenue Regulations {op. cit.). 

” Ibid., p. 441. 



THE PANIPAT BHAKAR. 

By V. Eaghavkndra Kao. 
(Intermediate College, Mysore.) 


Among the contemporary accounts of the Third Battle of < 
Panipat, the version of Kasi Raja Pandit is the most familiar 
one. As Kasi Raja was a servant of the Nawab of Oudh, his 
account, while forming an important source, cannot present a 
true and correct statement of all the facts. Hence an “inside- 
view ” of the fateful days of the Panipat would prove an in¬ 
valuable aid in our just appreciation of the whole catastrophe. 
We owe it to the indefatigable enthusiasm of the late 
R. B. K. N. Sane, b.a., that we are offered a Maratha view of 
the War. This Panipat Bhakar edited by Mr. Sane years ago, 
was composed by one Raghunatn Yadhav, a Chitnis of the 
family, just two years after the bloody events. It was based 
on the diaries kept by two leading citizens of Benares. The 
narrative was undertaken by the command of the most un¬ 
fortunate of women, Gopikabai, the wife of the third Peshwa. 

The Bhakar of Yadhav Narayana opens with the story 
of the transfer of power into the hands of the Peshwas by the 
saintly king Sahu and proceeds to state how the banner of 
the Marathas was carried up to the walls of Attock by the 
daring energy of Eaghunatha Rao and Chimaji Appa. When 
the whole of the Hindustan was brought under Maratha sway, 
Balaji Baji Rao (1740-61) desired to depute Sadasiva Rao 
Bhao to consolidate the conquests in the North. On this one 
Purandare remonstrated with the Peshwa that the Bhao was 
quite indispensable at the Court of Poona and that his precious 
life should not be endangered in distant expeditions. But the 
mind of the Peshwa was made up and he was determined to 
fling back the Durrani incursions into Hindustan. So orders 
were issued to all the Chiefs of the Maratha confederacy to 
march into the Panjab in support of their generalissimo. This 
army of expedition was composed of 350,000 horse, 60,000 
infantry and 1,200 pieces of artillery under Ibrahim Khan 
Garadi. Having chastised the Nizam at Udgir 1760 A.D. for 
presuming to intercept them, the Maratha troops forced their 
way without further let or hindrance and reached the out¬ 
skirts of Delhi in a great spirit of elation. 

The Rajputs, as is well known, stood by, refusing to co¬ 
operate with the Marathas, whereas the Rohillas and the 
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^^^awab IShuja Mahammed Dowla of Oudb wel(*.omed eagerly 
the invad<^r, Ahmad Shah Abdali. On this Sadasiva Kao 
rcMriinded the Nawab of their former frieiidslnp and invited 
him to join the Marathas against th(dr eommon enemy and 
to exact vengeance for his frequent incursions into India which 
resulted in the weakening of the Delhi Empire and the conse¬ 
quent disorders in the A^orth. Sliuja Mahammed Dowla 
retorted that the debacle of the Delhi lOmpire was mainly the 
work of the Marathas and the Jats and no compromise was 
possible with such enemies. That »lats who were till now 
friendly to the Marathas, suddenly turned hostile and took to 
‘‘ trimming ” with both the sides. Thus Sadasiva Eao found 
himself opposed by the Kajputs, the riats and tin’s Muslim 
Chiefs of the North. 

Betrayed on every side, the Maratha leader grimly re¬ 
solved on fighting for India single-handed, and ordered his 
army to entrench themselves on the path of the invader. As 
the Durrani Chief attempted to cross the river Jumna he 
met with stout resistance^ from his opponents’ heavy artillery 
and the undaunted Muslim allies swore to die rather than 
retreat and ultimately succeeded in crossing th(^ river in spite 
of heavy odds. After this first encounter both sides gradually 
marched up to Panipat where they contented themselves in 
playing a waiting game within their own dug-outs rather than 
trust their fortunes to the arbitrament of war. 

Those three months of inactivity, merely marked by 
irregular skirmishing, told on the Maratha camp. They were 
cornered and their supplies were cut off by their enemies. 
Famine stared them in the face. Then the Maratha leader 
resolved on for(;ing an issue with the enemy. Having divided 
his troops into three main divisions, the Bhao led them against 
the opponents. The battle raged furiously from the early 
morning to the setting of the sun. Severe losses were inflicted 
on the enemies and then the Peshwa’s hosts retired to their 
encampments in high spirits. 

The intervening truce was utilised by the Durrani and his 
allies to send an embassy to the Marathas charging them with 
ingratitude and rebellion against their lawful suzerains of 
Delhi, demanding them to surrender all their territories north 
of the River Narmada and offering them in return, three crores 
of rupees to cover their expenses of war. Sadasiva Rao 
replied that the Marathas were the sole guardians of Hindustan 
and the Chatrapati of Satara was the real Emperor of India, 
and that Ahmad Shah Abdali was but an interloper who 
should shift his forces to the other side of the Indus within 
twenty-four hours. 
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Having despatched this spirited message to the invader, 
Sadasiva Kao called together a Council of War in which the 
assembled leaders plighted their word to defend their Chief 
and their Empire to the last drop of their blood. So the next 
day after these negotiations saw the third encounter between 
the forces of the Hindus of Deccan and the Muslim Chiefs 
of the North. Both sides fought with great valour and grim 
determination. The Maratha cries of “ Jai Sahu Maharaj ” 
and “ Har, Har, Mahadev ” mingled with “ Ya Allah Khuda,” 
‘ Ya Kahiman Rahim ” rent the air. The earth was strewn 
with its thousands of dead. Many wore the wounded and 
they were groaning with pain. In this goryr battle, the 
Maratha leader got down from his horse and fell upon the 
enemies with swords in both hands. At the end of the day, 
both the parties withdrew to their respective shelters for rest 
and recuperation. 

The morning after the battle was devoted to the search 
for the wounded and dead. Under orders of the Bhao, the 
last rites to the dead, on his side, were gone through with 
meticulous care and the wounded were attended to in person 
and cheered up with presents and praises. 

On the same day, the Afghan invader advised his friends 
to make their peace with the Marathas, since the latter seemed 
invincible and accordingly an envoy .of peace was despatched 
to the Maratha camp. But the Maratha leader would not 
entertain any idea of compromise until the country was rid 
of the last invader. 

The Marathas declined the proffered peace, in spite of 
their distressing conditions, which would have daunted a less 
stout heart than that of the Bhao. Famine stalked in their 
camp. Cut off from the outside world by the general hostility 
of the surrounding population, the Maratha leader sent a 
foraging expedition, which merely ended in the complete 
annihilation of the party under Govind Pant Bundela. His 
head was severed by the enemies and thrown into the Maratha 
camp as a lesson and a portent. But Sadasiva Kao soon re¬ 
covered from this unexpected shock and determined on deli¬ 
vering a smashing blow to his antagonists though his own 
followers were exhausted and starving for the last three days. 

The sufferings of the Maratha warriors became intense 
and agonising; and they begged their beloved leader to 
withdraw and avoid complete destruction of the Maratha 
forces. But the general Bhao could not believe that his men 
could be defeated by any power on earth. He still hoped to 
crush the enemy as never to rise again. At any cost, the 
honour of the Chatrapati must be kept untarnished. 
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Soon after, Sadasiva Eao called together his personal 
friends and leaders and advised them to go home safe to Poona 
along with Viswas Rao, the darling of his parents. As for 
himself, death was sweeter than the disgrace of a retreat. But 
the young son of the Peshwa, a youth of eighteen, would not 
retrace his steps from the path of glory and honour so well 
blazoned by the immortal achievements of his forbears. 
Death is the end of every life in this world. But what a death, 
he wished, it would be for him to embrace in that field of 
Kurukshetra so much hallowed by the Epic fights of the Kuril 
Race, Abhimanyu and Arjuna. 

Thus both tne uncle and the nephew resolved not to be 
outdone by each other in the maintenance of their family 
honour. They rigorously abstained from food for the whole 
day. The dawn of the next day saw them issue the order 
for final assault on the enemies. Seating themselves on three 
powerful elephants, they led a murderous charge into the 
very valley of death. At about noon, the enemy was decisively 
beaten and showed signs of wavering. The Marathas were 
within an ace of victory. The Durrani Chief, being a man of 
foresight, suddenly poured into the melee his reserve of 50,000 
horse and charged down the tired and famished troops of 
the Peshwa. Viswas Rao was killed by a bullet; and for 
once the great fortitude of Sadasiva Rao deserted him. He 
resolved on following his nephew to the grave, rather than 
listen to the seasoned advice of Holkar to retire upon Ujjain 
and return back after recouping his forces. Having entrusted 
the ladies into the hands of Holkar, the Bhao threw himself 
on his enemies and was eventually overpowered by them. 

The victors of the Panipat were struck with admiration 
at the lieroic spirit of their Brahmin antagonists and ordered 
that the Bhao and his nephew should be given a burial befitting 
a Muslim. But the Rajput allies of the invader would not 
consent to disgrace their dead opponents by an unholy burial 
and threatened to fight a bloody battle if the bodies were not 
handed over to them. It was thus the Brahmin leaders of the 
Maratha Empire were given the last rites and honours of their 
own caste by their Hindu opponents. 

The Bhakar concludes with the death of the Maratha 
Chiefs and does not at all refer to the Mutiny in the camp of 
the Durrani Chief, to the differences of opinion among his 
allies and tlie consequent fizzling out of their hopes of crushing 
for ever the Maratha oppressors from the South. 

Section 2. 

Kasi Raja Pandit, the author of the Persian history oY 
^vents^ and an employee of the JSawab of Oudh, accuses the 
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Marat has of stubborn pride^ and states that the disaster of 
the Panipat was but a well-merited nemesis of their wilfulness 
and hauteur. One suspeets that the writer must be moved by 
personal pique, consequent on a letter written to him by the 
Bhao, alleged to be lacking in formal respects^ to the Pandit. 
Whereas the Pandit betrays his anxiety to (exonerate his own 
master of all ideas of treachery and double dealing and adds 
that his defection to the side of the invader was but an after¬ 
thought. Such a historian is constitutionally incapable of 
absolute fairness in his treatment of the great personages and 
events of the Maratha side. 

The Marathi and Persian accounts are agreed about the main 
outstanding events of the battle. That Ahmed Shah Abdali 
was assured of support by the North Indian Princes, that tin' 
Marathas were out-manccuvred and hemmed in tlu^ village of 
Panipat, that there were three ind(^cisive actions follow(Hl by 
a final coup de grace ; that the Rajputs and Jats were either 
neutral or in secret sympathy with the invader and in the 
ultimate crisis Sadasiva Rao would not entertain ideas of 
retreat nor of peace with his enemies. 

But the points of difference between the two authors are 
great, crucial and grave, requiring a restatement in the in¬ 
terests of historic truth. The Pandit accuses the Bhao of 
blind arrogance wdiich spurned the wiser counsels of the veteran 
Holkar and Siirajmal,^ not to offer the invader the chance of 
a pitched battle. That the Bhao had no option but merely 
to obey the Peshwa when he entrenched himself near Panipat 
is proved by later history.^ Besides, the Bhakar does not 
give any hint of the slightest misunderstanding® among the 
Hindu leaders and discovers the Holkar as always loyal to 
the core and Scindia would not flee for his life when advised 
by the Bhao to escort back the ladies of the camp. Instead, 
the Maratha General is pictured to be trudging® on foot among 
his followers, evincing great sympathy and solicitude for the 
sick and wounded among the rank and file in his army and not 
as an Orlando Furioso. 

In the account of Kasi Raja, the Durrani Chieftain exhibits 
unbounded confidence in his abilities as a general and warrior 
who would not compromise his position by silly negotiations 
of peace or truce with the enemy^; whereas Yadav Narayan 
refers to more than once of his anxiety to come to some under¬ 
standing with the enemies.^ This statement of the Bhakar 
receives additional su])port from the published Peshwa\s 
papers.® It is found therein that Ahmad Shah was eager to 
come to some agreement with the warriors of the Deccan 
whose mettle he could appreciate better than the nerveless 
despots of the Hindustan. 
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The Pandit’s aeeonnt avers that the Bhao was almost 
supplicating the writer and his patron to intervene on behalf 
of the Marathas,^ thus compromising the character of Sadasiva 
Rao as a leader of indomitable will and rare courage. This 
statement is given the lie direct by the Bhakar as well as by 
the discovery of an order to the Bliao to hold on and not to 
surrender.Tn truth, Kasi Raja Pandit seems anxious to 
impress on tlie reader with his own exalted dignity and that 
such a personage was slighted by the thoughtless leader of 
the Marathas. 

The Pandit exaggerates the role of his patron as a Beus ex 
mnehina when the Nawab is made to throw in his sword on 
the side of th(» invader with very littJe pretext for breaking 
away from the pliglitcHi word of friendship with the Marathas, 
and that the Durrani (^hief was eager for tlie alliance^^ with 
the Nawab who was shown, later on, extreme marks of 
honour by the former. He is indeed taxing one’s credulity 
when he asserts and writes^^ to the Peshwa also that the bodies 
of the two Maratha leaders could receive the Hindu rites of 
cremation only, by the int(TC(‘8sion of the Nawab with the 
Afghan invader, by quoting previous history for argument 
and support. Tlie several instances of the stnffed heads of 
Hindu leaders exhibited for the delectation of the faithful 
need not be repeated here. The alleged generosity of the 
Nawab is flatly contradicted by the Bhakar^^ which asserts 
that the Rajput and other Hindu allies of the invader were 
mainly responsible for the last honours shown to their Hindu 
antagonists. 

Tn the ultimate analysis, it was a pyrrhic victory for the 
Northerners. The invader failed to follow' up in the footsteps 
of the previous victors on the same field by usurping the in¬ 
signia of the Delhi Empire and the Maratha strength was 
still unbroken. That was the main reason for the hasty 
retreat of Ahmad Shah Abdali rather than the story of mutiny 
by his own followers. Despite the disaster, the Marathas 
(iould not be dislodged from the vantage ground gained by 
them with the single exception of the Panjab. Their Viceroys 
still held on to Agra, Gwalior and Itajputana and were soon 
to inflict such condign punishment on the prime authors of 
the Panipat disaster, tlia<< the name of the Maratha would 
hush up even the crying children of Hindustan. 
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ALTERNATING CURRENTS. 

By Leo T. Agger, b.e., published by Macmillan & Com¬ 
pany, Limited, London, 1934. Price 5.v. 

Although the number of text-books on Alternating Cur¬ 
rents is large, most of them have b(»en written for the engineer 
and the student taking university or higher te(*.hnical courses. 
They, therefore, not only deal with the subject movo. or h\ss 
thoroughly but are also comprehensive^ in their scope. The 
present book is intended for the student reading for junior 
examinations in electrical engineering and therefore deals 
with the alternating current theory in an elementary way. 
However, chapters on the elementary ])rinciples of the alter¬ 
nator, the transformer, the induction motor and the more 
common A. C. instruments have also been added at the end 
of the book. The treatment throughout, though (dementary, 
is very lucid and illustrated by a large number of very clear 
diagrams, while tlie numerous examples at the end of each 
chapter should be of great use to the student. The treatment 
is suitable for providing essential groundwork for an effective 
study of the subject, particularly to the student reading pri¬ 
vately, and should also be useful to practical men concerned 
with the handling of alternating current circuits and simple 
machinery. For this purpose, it Tills a want in (dectrical engi¬ 
neering literature and can be recommended. 

THE CAMBRIDGE MODERN HISTORY—VOLUME I 
THE RENAISSANCE. 

(Pp. xii+724, 1934.) Publishers, Cambridge University 
Press. Price 7.9. 6^. 

This is a cheap edition of the famous Cambridge Modern 
History, planned by the late Lord Acton. Jt is priced only 
79. i]d. and the whole set of 13 volumes costs only 909., though 
the original edition costs 219. per volume. This great reduc¬ 
tion in yirice must enable even comparatively poor libraries 
to stock the whoh* set, as it is superfluous to say that no library 
is worth its name without a complete s(‘t of Cambridge Modern 
History. The get-up of the book is nice and the printing is 
bold. Even those librariivs which already possess a complete 
set of the original edition may easily go in for a second set of 
this cheap edition, as there is a constant demand for one or 
other of the volumes of the Cambridge Modern History. 

M. N. P. 
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FORCES AT WORK. 

(An Introduction to Science, Book III.) 

By Andrade and Huxley. (Basil Blackwell, 2^. 6d.) 

This beautifully-produced little volume, designed to sti¬ 
mulate interest in the science of everyday life, is worthy of its 
distinguished authors, and should certainly achieve their 
object. It is one of four volumes which include both physical 
and biological sciences, and are to be used for a compulsory 
science course^ by boys and girls from the ages of TO to 14 
years. This volume comprises chapters on Electricity and 
Magnetism, Light, and both Inorganic and Organic Chemistry. 
It treats in a popular manner even the more advanced portions 
of Electricity and Magnetism, as for example Electromagnetic 
Induction which is given seventeen pages of detailed treatment. 

It is packed with useful facts and illustrations and will 
no doubt appeal to all readers, even those with no aptitude 
for mathematics. Moreover it is desirable that all students 
before leaving school should acquire' a good general knovdedge 
of the more useful applications of all branches of science, 
such as would be obtained from a mastery of this book. At 
the same time one must guard against the danger of packing 
the boy's mind with too many unconnected facts ; it will be 
necessary for the teacher to develop his subject more logically 
and not to follow a book such as fhis too closely. 

A. E. Walden. 


OBSERVATIONAL GEOGRAPHY OF THE BRITISH ISLES. 

By H. Hatch and 0. R. P. Duckering. (Macmillan, 2s. bd.) 

This little book is an excellent guide to the student in 
developing his powers of observation of his own district. It 
is attractive in matter and form and contains many practical 
exercises requiring detailed observation and mensuration. 
Expert teachers should be able to adapt these exercises to 
Indian surroundings. 

The book is divided into three sections, namely Physical, 
Human Activities and Regional. The second is particularly 
useful since it introduces the pupil to a pracdTcal knowledge 
of not only the industrial occupations of the British peoph', 
but also local government, social services, and the amenities 
of life. It thus links up the study of Pivics with that of 
Geography. 

It provides most stimulating reading and one wishes 
there were similar books available on ‘ India'. 

_ A. E. Wal den. 

1572-35—Printed at The Bangalore Press, Mysore Road, Bangalore 
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RESEARCH AND INSTRUCTIONAL WORK 
IN EXPERIMENTAL HYDRAULIC 
LABORATORIES. 

By Prof. K. 1). Joshi M.A., B.B., M.I.B. (Tnd.), 
M.B.San.I. (Eng.). A.M.T.Stuct.E. (Enjr.)* 

Tho backwardness of our knowledf>e in the lield of 
Hydraulics schuus really incomprehensible when we consid(»r 
the prorniiKMit pari that water plays in almost every activity 
of our life—in our household, in the vegetable kingdom, in 
navigation, in artiticial canals constructed (‘ver since the dawn 
of anticjuity, and in power development and generation. 
This lack of knowledge is attributable, perhaps, h‘ss to the 
slow^ development of the indispensable ways and means for 
investigating the flow of water, than to a distrust of the conclu¬ 
sions drawn from (experience—a distrust which, unfortu¬ 
nately is well founded in some instances. Because, it has 
happened many a time that, on critical examination of some 
successful engineering work that is said to have stood the test 
of time, the achievement boils down to the mere fact that the 
structure has not failed. But, the pertinent question is whether 
the desired result could not have been accomplished as well 
and at a much less co^st in some other more scientific manner 
and this test the work may not stand. Engineering is not 
merely building at random and with extravagance which even 
a lay man can do in a way, but, it is building in a scientilic w ay 
and what is more important with the greatest economy. A 
well-planned and properly executed experiment in a laboratory, 
on the other hand, will reveal all errors. It would point the 
way to the better solution of a problem both from enginetuing 
and economical aspects, two considerations that are by no 
means always synonymous. 

1 - 
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In the foreign countries, it is becoming recognised more and 
more widely that the launching of large hydraulic projects like 
dams, reservoirs, weirs, canals, hydro-electric schemes, river 
training and harbour constructions, etc., to name only a few, 
without previously testing out the design in a hydraulic 
laboratory, must be looked upon as hazardous and, in most 
instances, a wasteful procedure. Even in India the P. W. 
I)ei)artment8 of the Governments of Bombay, Punjab and IT. P. 
have established large-scale hydrodynamic research stations 
in charge of highly paid and competent officers of Government 
and all big problems like the best location of head sluices in 
connection with th(^ Barrage in Sind, the silt prevention in the 
Punjab canals, etc., are being referred to these Laboratories 
for solution. Valuable results have been achieved in many 
cases, which have enabled the works to be constructed cheaply 
and scientilically. A beginning has been made in our State 
by starting a Hydraulic Laboratory, though on a small 8(*ale, in 
tlie Engineering College at Bangalore. But, still, a large-scale 
Research Station located at places like the Krishnarajasagara 
or the Ts’ew Chamarajendra Iteservoir, whew, phmty of wat(‘r 
could be made available, is a great necessity for the solution 
of all hydraulic jiroblenis in our State, whicdi is justifiably 
proud of possessing very big reservoirs, numerous canals and a 
large hydro-electric generating station. Hydraulic Laboratories 
and Kesearch Stations are not luxuries but indispensable 
necessities. 

One of the greatest of Eesearch Workers of all time has 
said ‘'Experimentation never errs, only your judgment errs in 
anticipating results which experience does not confirm. Quite 
unjustly does man complain about Experience, accusing it 
with the severest reproach of being deceptive. Leave experi¬ 
ence alone and direct such lamentations against your ignorance 
which permits you to be hasty in vain and foolish desires.” 
Foresight demands that in experimenting with models we 
should never ignore the necessity of keeping in constant touch 
with natural phenomena and incessantly compare the model 
with the actually existing full-size conditions. 

It must be recognised that all phenomena connected 
with the flow of water are of so involved a nature, that, in 
order to combine the results derived from experiments into 
laws—all our formulae should, in the end, be nothing but 
paragraphs composing the eternal and invariable laws of 
nature—the maximum amount of care should be exercised. 
Wben we do not succeed in finding the true values of all the 
unknown quantities in an equation, we always have a way 
out of the labyrinth of inexplicable phenomena, through the 
use of ‘'Coefficients”. A large number of Engineers, in charge 
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of tlio constriietion of liydraulic works, who invoke such 
“autlioritative data”, look upon such *'Coeffieients” as the 
‘‘Laws of tlie Medes” and as dogmas of uncontrovertibh^ and 
eternal valuer 

Kesearcli work in a Hydraulic Laboratory enables ()n(‘ to 
analyse phenomena which at first confront one as indivisible 
units, by dismembering them into tlieir comi)onent ])arts, 
and to reveal their inter-d(‘y)endence. Th(‘ further the pro- 
gr(\ss is made in this direction, the more clearly will it be 
r(*C()gnis(‘d that ‘‘(^oeflicients” are merely the expommts of 
on(‘'s ignorance*. An important task in every (*xperiment 
(‘onsists in seandiing out the disturbing faedors that operate* 
te) be‘fe)g, menv or less, e)ne's view of flow phenomena. The 
proper unelerstaneling and interpretatie)n e)f problems, te)ge‘tlier 
with the* aelvancing knowle*elge re‘sulting there*fre)m, se*em pe)ssible 
e)nly when such e*xperime*nts are* unelertaken in full cognisane*e 
of the re‘S])onsibility that re*sts upem the experimente)r. llefore 
translating the* re*sults of the re*s(*are‘h into mathematical 
formuhe it shoulel be fully realised that in the maje)rity of cases 
such fe)rmuhT* are like*ly to be* us(*el withemt further the)Uglit, 
by nume*rous se)-calle‘el {mudicing Lngine*crs, vvhe>se {)leas are 
the* ge*ne*rally re*e*e.)gniscel autlumty e)f the* theorist te) whe)m 
sue*h formula* e)vve the*ir existe*nce. lle)'vv se*lele)m are* the origin 
anel limits e)f a|){)lie*ability e)f sued) fe)rmuhe looked inte) ! It 
is e)nly when the* limitatie)ns e)f the formuhe are* blanelly elis- 
re*gaTele*el, that elisaste*r fe>lle)ws anel elistrust of e‘X|)e*rime*ntal 
results be*e*e)mes justilie*el. The he*ael of an e*x{)e*rimental labo- 
rate)ry must, the*re*fe)re*, e*e)mmand, by his methods and ])ro- 
ceelure*, une'e)nelitional confidence at all time*s. He must, 
therefore, not e)nly maste*r ce)mple*tely the scie‘ntifie* {)rine‘i])les 
of Hyelraulie’s, ilyelre)elynamie*s anel Statie*s, but ke*e*{) in constant 
toucli with the* re‘quire‘menls of e*nginee*ring practice. He 
shoulel, abe)ve* all, know how to make* the knowledge he* has 
aceyuireel from his ex{)e*rime*nts show an cronomir raltie. 

In a numbe*r e)f instances, a way towarels a bette*r solutie)n 
of problems oceuirring in engine*e*ring {practice has originated 
in a University Laborate)ry. Sue*h laboratorie*s may be for 
instructie)!! e)r research work. Sharply dividing lines cannot 
be* drawn betwe*en tJie*se twe) edasses e)f institution, though the^ 
one or the othe*r class of work may predominate. In a Uni- 
ve*rsity Hydraulic Laboratory like ours, the instrue‘tioii woik 
to the* stueients must naturally predominate* while in e*ase of 
the Governmeuit. P. W. I). Labe)ratorie*s as at Lake* Fife iie*ar 
Poona, the research work must take {)recedemce. There is 
however, no reason why the two types should not carry out 
both types of work side by side anel in fact it is being done 
both here and at Poona. By means of elemonstration with 
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inod(‘ls, i]w ])()W(T of obscTvalicHi of tin* stu(l(‘iits is s]iari)(‘no(l. 
The ITiivHM’sity Laboratory, howovor, must not conliTK^ itself 
iiuwly to tins (bunonstration and instruction but afford 
facilities, to those (|ualilied to do so, to d(‘V(‘lop tlie pur(dy 
seieiitilie side of the enj^ineerinj? prof(‘ssion by pursuing? r(‘- 
seareh work. In the foreign rniversities of the present day, 
this fact has be(ui widely re(*o«:uised and it is be(*omint^ ])rae- 
tieally impossibe in their Lniversity Laboratories to kiM^p 
pae(‘ with the laro(' nunilxu- of ])robl(uns that an^ rederred to 
them and are demandinjif solution. The uccmI for establish in 
s(‘parat(' (lovtunuumt Hydraulic Laboratories is beinji: f(dt 
tlu*re in an (‘ver-inereasin^‘ measure and 1 hope such an auspicious 
day will soon dawn in our State also. 

IFovv oft(Mi does it not happen tliat we dare not cut loose 
from the so-called old and tried-out ty])es of construction ? 
In most (*ases, the ‘‘advanta<’es ” of such ty])es appear to 
consist rath(*r in their bein<»‘ old and familiar, than in their 
being tried and tru(‘. Thus, the orthodoxy, which dogs us 
in (‘V(‘ry walk of life, bars th(‘ way to betterment and it is 
very dillUmlt to r(‘mov(‘ the eternal doubts that pursue tlu'se 
“Doubting Thomas(*s". The (‘xpens(‘and harmful aft(‘r-(‘IT(‘cts 
growing out of [)ossible failures of new nudhods ar(‘, th(‘r(*lor(‘, 
so S(*rious that the utmost candulness on tlu^ ])art of tlu‘ ex peri- 
mentor is justi1i(‘d. In many such cas(‘s of failure^, sliglit 
alteiations and greater care in evahuiting results would hav(‘ 
d(‘monstrat(Ml uaassailably the usefulness of these* ni‘w methods, 
which, for want of the* two, g(‘t th(‘ir d(‘ath“blow’ once* for all. 
The* res])onsibility of exp<*rimentors is, then^fore, v(‘ry gri‘at 
indeed. 

There* is one* me)re* pe>int, whiedi I must elraw’ e)ut fe)r the* 
atte*ntie)n ed an experime*nte)r. This is the exlrae)relinary anel 
uiise*e*mly haste* in se)me* cases, with wliiedi he* wants te) generalise* 
anel eleelue*e frenn i]isutbe*ient anel inaeleepiate* elata anel te) rush 
te) print anel, what he e‘e)nsiele*rs, fame*, lie* eleies this se)me*tinu*s 
of his own ae-corel but many times be*ing goaeleel e)n by his 
frienels e)r su])e*Tie)rs for the* pre)eluedie)n of results e)f e*xpe*rimental 
work. The e-ase of Koe*h, whose* me*rite)rie)us we)rk in furthering 
the* aelvance*me*nt of Hyelraulie* Se*ie*nce* e*annot be* value*el tex) 
highly, is a typical example to be fe)llowe*ei e)n this pe)int. While* 
he was still alive his friends urgeel him to publish the* re*sults 
of his rese*are*h we)rk, which he w’as always reaely te) she)w and 
discuss at length, ile*, he)weve*r, resist eel this urging because 
he fe*lt ce)nvine-e*el that his expe*rime*ntal elata shoulel not be 
r(*garel(*el as the last work in hyelraulie knowle*elge. ITe we)uld 
say that certain phenonH*na we*re not. e*e)m])letely explaine*el 
by his expe*riments and that the publicatie)n e)f such results 
might readily leael to the reaching of erroneous e*e)ue*lusions, 
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We must fully realise that it is the Hydraulic Laboratory 
that would bring us nearer to the correct understanding of the 
natural processes than could any metliod of abstract treatment 
of such problems through pure Matlu^matics. Further, it 
must be realised in all humility, that with the widening of the 
circle of our knowledge, the points of contact of this ever¬ 
growing circle with the unexplored lield, which lies beyond, 
are constantly increasing in number. For this reason, we must 
reject as unfounded that the growth in the number of Hydraulic 
Laboratories is ever likely to exhaust the number of probhmis 
to be solved by them. As Herbert Spencer, the great English 
Philosopher, who began his (*ar(M‘r as an Engineer, has well 
said “Positive knowledge does not, and never can, till the 
whole region of possible tliought.” The greater the number 
and the larger the size of our Hydraulic Laboratories, the 
better for the Engineering Profession. 'J'here can never be 
too many. 

There are in all probably not more than a dozen Hydraulic 
Laboratories in the whole of India. Out of these not more 
than about half a dozen, which are Government Laboratori(‘S, 
are doing purely research work directed towards tlie solution 
of S])ecii1c })roblems of the S(W’eral Irrigation Departments in 
India. Tlu^ rest, are University Laboratories intmided for 
instructional puri)oses as well as research work on a small 
scale. Our Engineering Uollege Hydraulic Laboratory is 
om‘ of the latter type, it cominises the following :—A storage 
overh(*ad steel tank, which can supply water for experiments, 
up to a maximum of 2 cusecs. There is also a balancing tank 
which controls and admits a constant discharge at a constant 
head to tin* experiimuital units. The water from the balancing 
tank is then admitted to the following units :— 

(1) A Gibb s module, of capacity of about I cusec, which 

is a device veiy ustdul in irrigation canals for passing 
a constant discharge, even with a varying head in 
the parent channel, of course, within a certain 
modular range. 

(2) A siphon of about i cusec capacity, which is of the 

type of tlu^ large scale one installed at Lake l^^ife 
near Poona. This device is the one which is going 
to be more general as automatic spill-ways of the 
future important reservoirs. 

(3) A unit for the determining of the coelTicient of dis¬ 

charge and velocity in case of dilferent mouth¬ 
pieces and adjutages. 

(4) A Standing Wave Plume, which is a semi-module for 

purposes of measuring discharges passing through’ 
canals. 

3 . 
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(5) Broad-crested weirs, for determining the coefficients of 

discharge in case of different types of weirs. 

(6) Different types of notches, rectangular, triangular 

Cipoletti, etc., for determining the coefficients of 
discharge. 

(7) Two measuring tanks for volumetric measurements, 

each of capacity of 250 cubic feet. 

(8) A pumping unit for pumping back the water collected 

in the measuring tank to the overhead steel tank. 

The Laboratory is about five years old, and during the 
last three years the following further progress has 'been made, 
since the year 1932 :— 

(1) The storage tank capacity which was insufficient, 

has been now doubled, to a total of 12,800 gallons. 

(2) The pumping capacity has been quadrupled, so that 

units of larger capacities could now be installed and 
fed. 

(3) A Venturi Mume unit has been added to measure 

discharges by differences of pressures and velocities 
at the throat and entrance. 

(4) A Float Jiecord(‘r and Integrating Drum has also been 

now added to complete the Venturi unit mentioned 
above. 

(5) An Amsler's Current Meter has been provided for 

measurement of velocities of water. 

(0) A I’itot’s Tube has been provided also for the same 
purpose as the above. 

(7) The channels conducting water to the different units 

have been deepened and widened to carry larger 
quantities of water to the several units and a 
bigger *V' notch for measurement is now provided. 

(8) A unit for experimenting on weirs curved in plan 

with different curvatures and convex and concave 
upstream, has been provided and research work on 
these has been undertaken. 

(9) A Kennedy’s Gauge Outlet, a device for giving a 

constant supply of water, in spite of the variation 
of water levels in the tail channel, within a certain 
modular range, has been provided. 

(10) Hook Gauges of the most accuiate type have been 

installed. 

(11) A Unit for measuring the coefficients of discharge 

under a varying head, through plug sluices and pipe 
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and masonry barrels, which arc most common in 
case of our Mysore Tanks, has been installed. 

(12) Vertical and Horizontal Vernier scales have been 
installed for calculating velocities of parabolic jets 
of water issuing from mouth-pieces. 

Further, extensive additions, in the shape of a bigger 
standing Wave Flume, a battery of 4 or 5 diiferent types of 
Automatic Siphon units, stilling ponds upstream and down¬ 
stream of the above, a unit for the determination of the co- 
efbcients of rugosity in ease of different types of channels, 
scale models of the Krishnarajasagara sluices, and also the 
deep level weir sluices at the New Chamarajendra Reservoir, 
are under contemplation of being installed in the near future 
as funds will permit. The Laboratory is yet young but in 
course of time promises to grow into a useful one both for 
instructional and research purposes. 



THE GNEISSES AND GRANITES OF 
MOUNT JOY, BANGALORE. 

Tiiarlks S. PiciiAMUTHiT, F.R.S.E., F.G.vS. 

(Department of Geology, University of Mysore.) 

INTRODUCTION. 

The i^neisses and j^ranites of Mysore offer an interest¬ 
ing, if eoinplieated, subjeet for study. Deseriptions of 
thes(‘ rocks are found scattered in various reports on local 
geology j)ublislied in the Records of the Mysore Geological 
Department. Th(‘se have been classified into four divisions, 
and they are from the oldtsst to the youngest named as follows : 

1. Chamjuon (ineiss. 

2. Peninsular Gneiss. 

:i. C^harnoekites. 

1. Plosepet Granite. 

Their general group characteristics are given by Smeeth/ 
Sampat Tyengav=* and Kama Rao.^ They are each of them 
considered to belong to a distinct epoch of intrusion. 

-Phe rocks in and near Bangalore b(dong to the Peninsular 
gneiss group. The term ‘‘Peninsular Gneiss'’ is used for a 
complex which includes many varieties of rocks. Bangalore 
is well situated for examining these rocks, for, practically 
within ‘its limits, there are several quarries which (expose to 
vicAv different types of gneisses and granites with tlndr accom¬ 
panying aplite and pegmatite veins. The study is mad(» more 
int(‘resting because of the abundance of schist inclusions in¬ 
corporated in these acid rocks, the ample evidences afforded 
of injection phenomena leading to tlie formation of migmatites 
and allied varieties of compovsite gneisses, and of contamination 
resulting in the d(*velopment of hybrid rocks. 

One of the most interesting quarries in Bangalore is that 
of Mount Joy,^ near Basavangudi, and a description of this 
will serve to illustrate the complicated nature of the Peninsular 


’ W. F. Snieeth, “Outline of the Geological History of Mysore,” BuU. Mys. 
Geol. Dept., 1916, No. 6, pp. 16-19, 

2 p. Sampat Iyengar, “Tlje Acid Rocks of Mysore,” Bull. Mys. Geol. Dept., 
1920, No. 9, pp. 2*26. 

2 P. Kama Kao, “The DistinguishinjE Characteristics of the Champion Gneiss 
and the Peninsular Gneiss of the Mysore State,” Rec. Mys, Geol, Dept,, 1936, 
Vol. 33, pp. 80-97. 

^ C. S. Pichamuthu, “The Petrography of Mount Joy Bangalore,” Indian 
Science Congress, 1936. 
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gneiss. This liilloek, w]ii(*h is known in llie noi{>hhoiirlioo(l as 
NTaraliarirayara Giulda is a ^(ood starling point for the study of 
tliis complex, for, within a small compass, thcr(‘ ar(‘ (‘xposun^s 
of a variety of ii-neisscss^ f^ranites and associated acidic 
v('in maicrial. 

The oldest roc-k in the area is the gneiss which b(M*aiiS(‘ of 
its characteristic angc'ii structure resembling grains of s(>rghum 
seeds on their stalks, has sometimes been designated ‘‘cholam” 
gneiss. This contains several basic, inclusions. Associated 
with this type of gneiss, are the banded and streaky irneisses. 
Hoth t lu'se kinds of gneisses an* intruded by granit<*s wliich 
could be dilTerentiated in the held, according to th(*ir textures, 
into tine, medium and coarse varitdies. The coarse type 
occurs sometimes as iiu'liisions in the line. The rocks are 
trav(*rscd by graniti* and aplite v(*ins. Of the granite veins, 
those* dispos(‘d (‘ast to west are earlier, for they are inters(‘cte*d 
and sometimes displaced by the later north to south veins. 

THE GEOLOGY OF THE AREA. 

Avgrn Gneifis ,— This occurs as caught-up patclies in the 
granites. This is (‘SS(*ntially a biotite gneiss with a speciiic 
gravity of about 2 ‘73 which is higher tlian that of the* associated 
banded and str(*aky gneisses. Tliere are small inclusions of 
basic rocks which are composed chi(*fly of hornblende and 
plagioclase with plenty of gi‘anular titanite. 

In thin section, the gneiss shows protoclastic granulation. 
Abundant shreds of biotite and hornblende, either unaltered 
or passing over into biotite, sweep round the por])hyroclasts of 
hdspar and ([uartz. A little epidote is present. Of the acces¬ 
sories apatite is very abundant and titanite siibordinali*. Jn 
suitable sections, the essentially migmatitic nature of this 
type is well S(H*n. 8ome bands are composed of hornblende, 
plagioclase, biotite, epidote, titanite and magnetite. These 
represent the layers of the original basic schists. Alternating 
with these are bands which contain abundant microcline and 
quartz ; this is the acidic material which has been inject ed 
into the schists. There is evidence that sometimes the 
crystalloblasts in the centres of the aug(*n have grown in situ 
for the hornblende and biotite lamina* abut abruptly against 
them. Though in some cases these growing crystals have 
pushed the sclustosc lamina?, apart, leading to the development 
of the augen structure, the writer considers that pressure has 
been the more important cause for the formation of the “eyes”. 

Banded and Streaky Gneiss ,—This is a wide-spread type 
of rock in Bangalore, but there is not as great a development 
of this variety in Mount Joy as in sorne other parts of the town. 
It occurs here in somewhat oval patches. The rock is 
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commonly grey or dark-grey in colour and has a specific gravity 
of about 2 *(>8. The gneissie banding is very pronounced, the 
bands being often wavy and contorted. These do not contain 
scliist inclusions of any size. The earlier schists have been 
torn into shreds or thin layers and the injection of acidic 
material in the form of aplite and pegmatite veins between 
these separated layers gives this gneiss also the general charac¬ 
ters of a migmaiUe. While still a thick pasty mass, the rock 
has assumed a streaky eha.racter caused by magmatic move¬ 
ment as well as by x)ressure at depths. The influence of th(‘ 
pressure caused by expansion due to injection, is indicated by 
the occurrence of ptygmatie folding in the pegmatite veins 
which are at right angles to the direction of foliation. 

Under the micTOscope thevse rocks also (‘xhibit granulation. 
There is abundant f(‘ls])ar with no traces of twinning and with 
an index of refraction less than that of Canada balsam. Th(»re 
is very little microclin(‘. Biofite is the chi(‘f ferromagn(\sian 
min(‘ral, but a little hornblende which is altering into biotite 
is present. Epidote occurs in minor quantities. Apatite in 
numerous minute crystals is the chief accessory. 

The Granites .—The granites of Mount Joy could be dis¬ 
tinguished into three typ(‘S according to the texture exliibited 
by them. The coarse granite which forms tlie major part of 
th(‘ hillock is the earliest, ratches of these are found enclosed 
in the m<‘diurn granite. Veins of a fine-grained granite cut 
through all the earlier rocks. The contact between these 
granites is quite sharp. 

The granites, which are the prevailing rocks in this quarry, 
have caught-up patches of angen gneiss and streaky gneiss. 
There are also several inclusions of dark basic rocks. 

The coarse granite forms the eastern portion of the hill. 
It contains hornblende crystals which are altering into biotites. 
This rock has been contaminated by the assimilation of basic 
xenoliths and the earlier-formed migmatites. The specific 
gravity of the rock is 2-67 which is slightly higher than that 
of the medium-grained granite whose specific gravity is about 
2-05. 

Slices of the coarse granite contain quartz, abundant 
fresh microcline, saussuritized plagioclases and broad plates of 
hornblende which are altering on the margins to minute flakes 
of brown biotite, with separation of iron. A little epidote is 
present. 

The medium and fine-grained granites resemble the coarse 
in their mineralogical contents, but bear somewhat more 
quartz and microcline. The plagioclases are usually saussuri¬ 
tized, and when fresh can be identified as oligoclase. Biotite 
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is common and hornblende is invariably altering into biotite. 
Myrmekite is of frequent occurreruie ; blebs and tongues of 
this jiroject into microeline. 

The fine-grained granites are the youngest and oeeur as 
veins intruding the other rocks of the area. All these veins 
are not of the same age as some of them intersect and displace 
others. Quartz, microeline and microeline-perthite occur 
abundantly. A little oligoclase is present \vhi(*h may be 
saussuritized ; this mineral is sometimes includ(»d in the micro- 
cline crystals. Biotite and hornblende are the chief ferro- 
magnesian minerals. The brown biotit(‘8 are som(‘tim(\s 
interleaved with a green variety. Micrographic and myr- 
mekitic structures are common. 

Aplile .—Thin veins of aplite are presiuit. They are very 
acid dijTerentiat(^s of the granites and contain practically no 
ferromagnesian minerals. The spi^eific gravity of tin' rock 
is about 2*51. They are composed mostly of quartz and 
orthoclasc^ which does not show any twinning. A little albite 
or acid oligoclase, with an index of refraction l(\ss than that of 
Canada balsam, is present. 

Some of the veins are so acid that they are composed 
almost entirely of quartz. 

Pegmatite .—Several veins of ])egmatite inlers(*ct the 
granit(‘S. They are very coarse and contain big crystals of 
biotite or hornblende. 

Basie inelusions .—As already mentioned a viuy int<T(\st- 
ing and characteristic feature of the geology of Mount Joy 
is the occurrence of numerous inclusions of basic, rocks. There 
are more than thirty small irregularly shaped patches of these 
inclusions in the quarry, one of which at tin', northern end 
being fairly big. The specific gravity of these xenoliths varies 
between 2 *9 and 3-1. These represent the unassimilated 
remnants of the original schists into which the granites and 
pegmatites intruded. 

Under the microscope most of them are seen to be com¬ 
posed essentially of hornblende and plagioclase, and those 
inclusions which do not possess a schistose character could 
be described as plagioclase amphibolites. Hornblende alters 
into biotite, this change being bridged by the formation of a 
dark brown slightly pleochroh^ substance which does not 
possess the characteristic cleavages of biotite. The quantity 
of biotite varies ; it is more abundant nearer the margins of 
the inclusions than in the interior. 

The crystals of plagioclase are often seen to be more basic 
in the centre than in the margins. The interior of the crystal^ 
is decidedly more refracting than Canada balsam, whereas the 
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refractive index of the borders is almost equal to, or only 
just a litth^ more than balsam. The centres show alteration, 
wluTeas the outer zones are quite clear. The zones are not 
clearly demarcati'd, but the (extinction positions arc different. 
As the result of this, when the stage is rotated between crossed 
nicols, the extinction zone is seen gradually to widen or narrow. 
This plumomenon is noticeable only in sections of tlu^ xenoliths 
taken from tiie margins and indie.ates acidification of the 
plagioclases due to the xenoliths being surrounded by a granite* 
magma. 

Titanite is an abundant accessory in the basic inclusions. 
This mineral is found as big granules or with th(> charac-teristie 
wedge shape. In thick sections, the grains are ph'oe.hroic 
from pink to pale green to colourless. In tlu* mieaized borders 
of the inclusions, apatite is more common. Epidote is fre¬ 
quently ])resent. Of the iron ores, magnetite is more ])r()mi' 
nent tiian pyrites. 

The complete conversion of tliese hornblendic inclusions 
into biotitc schist is not S(‘(‘n in Mount Joy, but has been 
noticed by the writer in the Lalbagh (Quarry. Excellent 
gradation spe(dmens showing the various stages of this change 
can be collected from the quarry in the Intermediatt‘ (^olh‘g(* 
compound. 

SUMMARY AND CONCLUSIONS. 

Mount Joy is an ex(‘nll(mt quarry for the study oC 
intrusion and contamination. The shaiq) contacts b(*tw(*(‘n 
the various kinds of gneisses and granites, and the marked 
(contrast in their structures, indicate considerable time intcu'vals 
betwe(*n the formation of each of th(\s(* ty])es of rock. 

The augeii gneiss and the* banded gneiss originated by the 
intrusion of aciclic material into tlie pre-existing schists aided 
by the effects of regiejnal midamorphism. Tlie augen gneiss 
is the earlier and the banded gneiss tin*, later produ(tt of this 
progressive change. The coarse-grained granite was lu^xt 
intrud(*d and it- was after its consolidation that the medium 
and tiiie-grain(*d granites were intruded, for the coarse* variety 
occurs as caught-up patches in tin* finer rocks. 

With such detinite evid(*nces of the successive formation 
of the component members of the I\*ninsular gneiss complex, 
it is rather difficult to consider all of them as belonging to one 
eruptive period, unless one imagines that the time of intrusion 
was so prolonged as to allow of the earlier formed material to 
consolidate before the later members were intruded. (So long 
as this succession of intrusions is recognised, it does not really 
matter whether the gneisses and granites of Mysore are con¬ 
sidered to be of four different epochs of intrusion or of only 
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two ; for, even in the Ih^ninsular whieli is considered 

as a unit, there are evidtniees in Mount doy that the const it uent 
ro(‘ks w^(‘re intrud(‘d at didennit periods. 

Of the granites, the coarse-grained varicdy whicli is tin* 
(nu’li(‘st, has a liigli sf)ecilie gravity. It contains more liorn- 
bl(md(‘ tlian the hn(‘r variedies. TlH*r(‘ is also more basic 
])lagioclas(‘ in tin* coarser than in tlu^ lincT variedy, the* latte*r 
bedng very rich in microcline. All th(‘se chara(d(*rs make* it 
cle*ar that it is a coiitaminate^el rock. 

Mdie* succession e)f ev^emts he*re may be* snmmariseel as 
follows. Inte) the ])re-e*xisting t)asic se*]iists, a])liti(* ami [)e*g- 
matitic material was inje^cte*el re‘sulting in tlie* fe)rmatie)n of 
tnigniatites. During this [)erie)el tlie rocks w(*re* subje*ct to 
regional disturbanees. 'rhe*n a granite* willi its [X'gmatites, 
intrueled these ro(*ks anel assimilate‘el blejcks e)f migmatite as 
well as blocks of the eiriginal hornblende* schist, and became 
contaminateei. The*re is a. pre)gre‘ssive* granitisation, anel the 
later rme‘r-grained varie‘ties are* typical biejtite* granite*s. 'I'he* 
e‘e)arse veins of pegmatite* cutting all tlie either roe‘ks of the* 
are*a, are tin* late*st. 

ddu* writer is e*ngage*el in an intensive* stuely of the* gne‘isscs 
and granite‘s oc(*urring ne*ar Bangalore and a corre‘lation base'el 
ein volume*tric study as we*ll as ein tlie* (‘.xamination of the* 
he*avy min(*ral (‘onte*nts w ill sliortly be iiublished e*lsew lie*re. 

EXPLANATION OF PLATE. 

Fiu. 1. Streaky gneiss showing the injeedion of parallel 
v(‘ins of aplite^ anel pe*gniatite, resulting in the 
formation of migmatite. 

Fkj. li. Irre*gularly shapeel caught-iip patches of streaky 
gneiss in granite. 

Fkj. 3. Photograph sliowing the eoarse granite* being 
interse*e*teel by ve*ins of tine-grained granite (grey) 
anel pegmatite (wliite). 
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THE KADAMBAKULA: A HISTORY OF ANCIENT 

AND MEDLEVAL KARNATAKA. 

(By 0\ M. Moraefi, M,A,^ with a Preface by the Rev, H. TIeras, S,J., 
Bombay, B, X, Furtado and 1931, pp, xiil and 504 illmira- 

tions, maps and pedigrees,) 

This bulky book is based on a thesis submitted to tlie 
University of Bombay and it was awarded th(^ (■hancellor’s 
Medal. It is the fifth of the Series of Studies brougiit out 
under the auspices of the Indian Historical Kesearch Institute, 
Bombay, and claims to be not merely the history of the 
Kadamba Dynasty, but a complete history of Kuntala or 
Western Karnataka, with stress laid on its administrative 
institutions and cultural features. Its chronolo^^ical range 
is well over ten centuries, from the beginning of the 4th century 
down to about the middle of the 14th. The subject begins 
with the history of Kuntala in the pre-Kadamba epocli from 
the times before the Christian era down to the emergence of 
the Chutu Satavahanas who j>robably ruled from ^'aijayanti. 
The legendary beginnings of the Kadamba line are interpreted 
to support the view that the dynasty was of indigenous origin 
and, in course of tinu^, gained reeognition as being of Brahma- 
nic/al status. The author holds that the northern origin of the 
line was for the first time put forward in two grants of 
Harikesari Deva, dated 1053 and 1055 A.I)., when it had 
emerged out of its three centuries of political eclipse ; and 
tlie tradition of the migration of the Brahmans from Ahichchatra 
to t he agrahdra of Sthanagudha and of their being the ancestors 
of Mayurasarma’s Brahmans is held to be lacking a sound 
historical basis, having no support in the early records. 

The Kadamba alliances with the Vakatakas and the 
Guptas are exidained by Mr. Moraes who supports the contem¬ 
poraneity of Durvinita, the sou of Avinita Ganga, Pulike^i 
Chalukya and Bhogivarman Kadamba, as well as that of 
Avinita with Ajavarma. The chronological scheme put 
forward is based ou the assumption that Mayuravarma ruled 
about 345 A.D. when ftamudra Gupta undertook his southern 
expeditions, and that about 80 years elapsed between the 
foundation of Kadamba rule and the accession of Kakustha- 
varma whose Palasike grant is dated in the 80th victorious 
year. 

The next section of the subject deals with Banavasi 
under Chajukya and other rule till the rise of the Hangal 
Kadamba line under Irivabedanga and Chatta-deva whose* 
successors became independent sovereigns of Banavasi in the 
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11th century, resisted strenuously and continuously the 
advance of the TToysalas and became ii^olved in the Kala- 
churya usurpation of Clialukya rule at the close of the 12th 
century. Kadamba power contrived to survive even the 
sliock of Malik Kafur s invasion ; but its end w» almost 
contemporaneous with that of the Hoysalas. ^ 

The Goa line of Kadambas ruled from Chandrapura 
over almost the whoh^ of the Konkan and developed the town of 
Goa which subsequently b(‘came the capital in the time of 
Jayakes'i 1. Malik Kafur is believed by our author to have 
overrun the seacoast of the Konkan as far as Kamesvar, i.rf, 
Cahe de Rama, South of Goa and further, Feri^hta’s ‘'Prince 
of Ma'abir” is equated with the Kadamba ruler who made a 
defensive alliance with the Ifoysala, Hallalalll. Ibn Hatuta’s 
"Sindabur” is likewise equated with Chandrapura. 

The minor branches of the family that wielded rule in 
Bayalnad, Belur, Jiankupur and Nagarkhand are su])ple!nented 
with another branch of the stock that ruled in Kalinjija with 
the cognomen, Khedi. Their tief of Pancha\lshaya is etjuated 
with a portion of the Mandasa estate in Ganjam. In evaluating 
the cultural contributions oHlie Kadambas, Mr. Morat‘s attri¬ 
butes emphatically a non-Aryan origin to the phallic cult 
which prevailtMl in lh(‘ land alongsule of the Tsaga-worship. 
Abundant epigraphie testimony is brought to bear on the 
Kadamba administrative institutions, particularly as regards 
revamue resources, the status and power of the feudatories, 
details of military organisation, educational and charitabh^ 
eiidownients. The t<‘chnique gf warfare is partly bas(*d on the 
study of sculpture reliefs and fri(‘zes of war scenes on the 
assumption that these latter were strictly true of the sculidors’ 
own days. The agrahdra of Talgunda is detailed ; corpora¬ 
tions of this variety comprehended sometirru'S Bauddha and 
Jaina Maths and Brahmapuris (settlements of learned Brah¬ 
mans). Tho earliest specimens of Kadamba architecture are 
held to be derived from the primitive structures of tlu' Andhra- 
brityas. The architectural development has been traced, 
from the primitive basti at Ilalsi through subsequent stages to 
the finished Kamala Karayana temple at Degamve. Tlu^ 
influence of the Goa-Kadaraba sculptures on the Hoysala art 
is noticed. There is an exhaustive list of localities noticed in 
the epigraphs supplemented by a notice of the extent of the 
kingdom. Perhaps it is a large claim for the Kadamba coins 
to say that they marked a definite stage towards the emergence 
of obverse and reverse legends on coins. A few unpublished 
inscriptions are given at the end with their English trauato- 
tioiis. The documentation is perhaps a tribe too elabora’jto. 
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